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| STATEMENT OF DEVELOPMENT,- . ..,
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RELATED TRAINING MODULES

Gen:gral Safety _ _

Tool Safety .
Power Tool Safety

Fire Safety

Hygiene Safety

Safety and Electricity:':
Fire Types and Prevention i
Machine Safeguarding (includes OSHA Handbook)

mmmﬁ&gxw/mmxcs :

Basics of Evergy,

~ Atomic Theory

Electrical Conduction
I}asics of Direct Current
Introduction to Circuits

Reading Scales C -

Using a V.Q.:M. * ° .

CHM/!S Law ; -, , _

“Power and Watt's taw ' ‘ .,
Kirchoff's Current Law '

Kirchoff's Voltage Law . .

Series Resigtive.Circuits
Paralle] Resistive Circuits
Series - Parallel Resistive Circuits
Switches a Relays )

ics of Alternating Currents
Magnetism

-
’ .
P '

COMPUTERS

L]

Digital Language

Digital Logic |
Computer, Overview. ) R
Camputer Software ~ '

» TOOLS

' 5
Boring and Trilling Tools ‘
Cutting Toofs, Files ‘and Abrasives
Holding Fastening Tools
Fastening .Devices

Basic Science - 'Simple*Mechanics
Fasteners
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. Types of Drawing and Views

Sketching

Blueprint Reading/Working Drawings ‘
Working Drawings for Machines and Welding .

Machine and Welding ‘Symbols
Blueprint Reading, Drafting:
Blueprint Reading, Drafting:
Blueprint Reading, Drafting:
Bluepript Reading, Drafting:

Blueprint Reading, Drafting:

Blueprint Reading, Drafting:

Blueprint Reading, Drafting:

Blueprlnt Reading, Drafting:
Drafting, Machine Features
Drafting, Measurement
Drafting, Viswalization

HUMIAN RELATIONS

Conmumcations ' SklllS
Feedback :
Ind{vidual Strengths
Interpersonal ‘Conflicts
Group Problem Solving

Worksite Visits

* Resumes

Interviews : -

Expectation

A

Basic
Basic
Basic
Basic
Basic
Basic
Basic
Basic

“Goal-setting and Decision-mak ing

\

Print R
Print

Print

Print
Print
Print
Print
Print

wider Influences and Responsibllltles

Personal. Finance
BOILERS

Boilers - Fire Tube Types |
Boilers - Watertube Types

TURBINES

Steam 'Iurbines - Types '
Steam Turbines « Components
Steam Turbines - Auxillaries

Steam Turbines - Operation and Maintenance

Gas 'Iurbines

Piping and Steam Traps

Boilers - Construction

Boilers ~ Fittings 7

Boilers - Operation !

Boilers -~ Cleaning

Boilers - HeAt Recdvery Syst

Boilers - Instruments and Controls e
Boilers =« ’
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CRMES - -

9.1 , Pumps - 'I‘ypes and Classifxcation L. ) _ .
9,2 . Puxrps - Apphcatlons . . :
» 9,3 _  Pumps - Construction B - .
9.4 " Pumps - Calculating Heat and E‘low : . S
9.5 . Pumps - Operation . e '
, 9.6 - - Pumps - Monitoring and Troubleshoo‘!:mg B o o
. 9.7 Punps - Maintenance o . : . -
COMBUSTION
‘ 10.1  Cambustion - Process = T
10.2 - - Combustion - Types of Fuel ’ : ‘
10.3 ~ Cambustion - Air and Fuel Gases 3 L
) 10.4 Combustion -‘'Heat Transfer . - -\ L
, 10.5 Cdmbustion ~ Wood : . L :
| GENERATORS - - - o
- 11.1 ~ Generators - 'ties and Construction ‘ LT '
v , 11.2 Generators Operatlon ' . :
. \ !
12.1 Feedwater - Types and BEquipment.
12.2 . Feedwater. - Water Treatments = ‘ g
12.3 E‘eedwater - 'Desting . : . : sl
AIR COMPRESSQRS 3\ - ,, ’ .
1371 Air Ccnpressors - Types . I
13.2. Air Conpressors - Operatlon and Maintenan07 . ’
L STEAM | ~—r '
. 14,1 Steam - Ebrmation and Evaporation =~ ‘ ¢
14.2 Steam - Types S I o oo : ‘
PR 14.3 =, Steam - Transport ’ @ :
14.4 "~ Steam - Purification '-: L
MISCELLANBOUS Lo '
15.1 Installation - Foundations.. | - S ; _
15.2 Installation - Alignment o . S ‘ v
~ 153 Circuit Protection ‘ o
» 15.4 Transformers ' - IR PN
15.5 - Trade Terms : ' I -
' IRADE MATH |
‘ 16.1 Linear - Measure , - - - A\
- 16.2 Whole Numbers | o B __ \
16.3 - Mdditional and ISubtractidn of Common Fraction and Mixed Numbers '
N 16.4 Multiplication ‘and Division of Conmon Fractions and whole and )

Mixed Numbers N
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165 = Cﬁmpound Numbers oy - ) ' > ST
' 16.6 , Percent ot : St e . o
v f .. .16.7 . 'Ratio and Proportion . . ' L
/ A 16.8 - Eerlmeters, Argas and Volumes : o e IR
. 16.9 ~ Circumferencesand Wide Area of Circles 2
, . " 16.10 . Area of Plane, Figures .and Volupes of Solid Flgures RSP
o 16.11, Metrlcs .

; . e . - L
T " HYDRAULICS | - Q . B

- 17.1. Hydraullcs-r Lever * S T T
) 17.2 . . Hydraulics - Transmission of Force | N A
'17.3 " Hydraulics - Symbols - . R N e
17.4 . Hydraulics - Basic Systems A o
17.5 ! "Hydraulics - Pumps R A o EI
17.6 i Hydraulics - Pressure Relief Valve CoT o ETT
17.7 y Hydraulics = Reservoirs * . ' S A T B
. 17.8 © | Hydraulics - Directional Control Valve T SRRt R
17.9, | Hydraulics = Cylinders S
~17.10 ' Hydraulics - Forces, Area, Pressure
17.11 | . Hydraulics - Conductors and Connectors o
| ‘ 17.12 ! . Hydraulics - Troubleshooting ° LY T
17.13 | Hydraulics - Maintenance - B e
l\ . . v . v o , . M

18.1 - 1Included are 'ILS packets: X
a . ‘ W3010 - o
(. | » O W.3011- | . e
- W 3011-2 , o
S . MS 9001 (1-3—4*8-9-6~7~5-2-9) e e
¢ . MS ~9200, 9201‘
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7 19.1° 101, A-BC~D-E
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Note: All reference packets are numbered on the upper r1ght hand corner of the respective ‘over page.,, ,]fff,{,}f;ll,,
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| " ‘Packet #

- 2.1,
; 12,21,;_.' |

e

..Corres ndence Course, Lecture 1, Sec 2, Steam Generators, Types s T A Bo1lers, Fire T%pe Type ;j,,,@w;
-, of :Boi 5 I, S. A I T, Calgary, Alberta, Canada - - i L g

’:';Construct1on & Erectlon 5. A F O P Calgary, Alberta, Canada .

L ke

i
=ff.Correspondence Course, Lecture 10, Sec. 2, Stear Generation 801ler 1.5 \ Boilers” Operatlon o
ti-Operatlon Malntenance, lnSpect1on SALT., Calgary, Alberta, o

| , LT e _ EU g , ..,,1“,4_‘
Correspondence Course Lecture 9 Sec 2, Steam Gen ator, Powerd 9.|} Types & Classlf1cat1ons o,

! . 1

: a]

:CorrespOndence Course Lecture 2, Sec. 2, Steam Generators, Types - LT 2l Bo1lers water Tube Type
~of Boikers IIL,S A.1.T Calgary, Alberta, Canada | - S
4 . .' .!-, 4 ‘ . ’, ,--,.,-:i
'Correspondence Course, Lecture z, Sec. 2 Steam Generators, Boiler - 7.3\ Boilers, Construction o . 35;"
l
l

iCorrespondence Course Lecture 4, Sec. 24 Steam Generators, BO1ler 7.4

: T
wCorrespondenca -Course, Lecture - Sec 2, Steam Generators, Boller,. Bo1lers' F1tt1ngs | . o
. F1tt1ng I, S.ALLLT., Calgary, Alberta, Canada T U '-j'- ; R

/Detalls, S. A I, T,, Calgary, Alberta, Canada L H‘A}5 ;

W % ' - ' B L
fConcepts 8 Techniques of Machine Safeguarding, U S.D. L.y 0.5H. A3‘ l .8 / Mach1ne Safeguard1ng =affﬂ""f€~‘*

A
R . +
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Boilers, Fittlngs ;;_;i;ﬂ;}gggfﬁ;;
Fittings 11, S.A.L. T., Calgary, Alberta; Canada A AR
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Correspondence Cburse Lecture 3, Sec, 2, Steam Generatlon, BOiler \,;7,7° §01lers Heat Retovery | 44:?
ystems ¥ 3 oo ,;; b

B Y

P - oy .-
‘3 . a

V.""-'a"/ o |

=

, Plant Pumps, S.A. L. T., Calgary, Alberta,‘Canada ' 9.2/ Applications =~ - * ,»'-;{y‘;
e B T R T T g.A, ~Calculating Heat & Flow _ﬁ'f“d-%
.{ff f * ? SRy ,’”-'}ﬁ .,3gj*‘.gf R j . .6, - “Monitorjng & Troubleshootlng
St ,"-. - ,l'- . ;f,;‘ QLJFT*‘ _ 3.»'1“ : f; 9.2 Matntenance L e
o PR . S . : - 4..‘. . . . e :.“
A Lorvéspondence Course, Lecture 6, Sec. 3, Steam Gonerators, Pumps, 9, 3 Constructlon ;,f;g'- AR
; ’i : . ' 9 5 0perat1on e e e

A l ., Calgary, Alberta, Canada o
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Related Tralnlng Module

l4 3 Stean Transport ‘
7.8 Boilers, Instruments & - d

’

L]

8.1

8,2

- 8.3

8.4

1

14.4

Controls

Steam Purification

-

Steam Turbines, Types

Steam Turbines, Components

Steam Turbines, Auxiliaries ‘

) .
.Steam Turblnes, Ogeratlon

& Maintenance

8.5 Gas Turbines

-

10.2 Combustion Types of Fuel

10.2
10.3

12,1,

TN

12.2

Supplementary Reference Dlrectory '-1 o | . . S
ﬁy_ Page 2 q; 5 . . N - j
" Supplementary B ‘o
Packet #: = '-Descrlptlon | | —
B ;g Correspondenee Course Lecture'gb Sec. 3, Steam Generators, Steam
2. Generator Controls, S.A.LI.T-, Calggry, Alberta, Canata
.lﬁﬁ4 o v Correspondence Course’, Lecture 11, Sec. 2, Steam Generators,
Saly < ';Plplng II, S.A.I.T. Calgary, Alberta,’/anada .
::‘ I - . y .
l5;l CorreSpondence Course, Lecture 1, Sec. 4, Prime Movers, & Auxil-
i fa i laries, Steam Turblnes, S A.1. T Calgary, Alberta, Canada
*é;$15}2f .gf,~j? Correspondence Course, Lecture 4 Sec. 3, Prime Movers, Steam
&= JTurbines I, S.A.L.T., Calgary, Alberta, Canada (
315.3fféh o .'Correspondence Course, Lec§ure 2, Sec. 4, Prlme Movers & Auxil- '
S5 &Ee 0 daries, Steam Turbine Auxi 1ar1es S.A.L.T., Calgary, Alberta,
S ™+ Canada | B
IO . .- N .’ s
*;lS?A Correspondence Course, Lecture 6, Sec. 3, Prime Movers, Steam
T Turbine Operation & Ma1ntenance,,S A.T.T. Calgary, Alberta,
R Canada .
Rléfs Correspondence -Course, Lecture 8, Sec. 3, Prime Movers,.Gas ° s
e Turb1nes, S.A.LLT. Calgary, Alberta, Canada -
16.2 Bollers F1red with Wood & Bark Res1dues, D.D. Junge F.R.L.
L 0.5.U., 1995
16.2 torrespondence Course, Lecture 5, Sec. 2, Stew Generators, Fuel
< “Combustion, S.A.1.T., Calgary, .Alberta, Canada
16,3 Correspondence Course, lecture 5, Sec. Planl Serv1ro Fuel
L & Combustion, S.A.1.T., Calgary, Albert Canaoa " _
*hial ¢ Correspondence Course, L:>ture 12, Sec. .3, ,team Genelat1on, Yater
: ~ Treatment, S. A I.T., Ca gary, Alberta. Canada : ‘ ‘
“17.2 ‘Correspondence Course, Lecture 12, Sec. 2, Steam Generathn*«Nater
Troatment S.A.1.T., Calgary, Alberta, Canada
. ko -  BESTCOPY AVAILABLE
.i L ' ’ : . - R . Co \ l .

Combustion Types of Foel'

Combustion Aig & Fual.Gases .

o
Feedwater, Types & .
Operation N -
Feedwater, Jatqr o
lreatmentq '

11



Millwright -

| Supp]ementqry,Raference'Birectqrj o R : : .
Page 3 . . R
. . * . .
Supplementary o - -0 _ . - . - - -
Packet # Description °* | _ , T y o \\Ee?ated Training Module .o
7.3 - .Correspondence Course, Lecture 7, Sec. 2, Stepm Generators, Boiler 12.3 _leedwater, Té§ting"l '
o . Feedwater Treatment, S.A.1.T., Calgary, Alberla, Qanada- ' . : |
: T . ) v X : .’ . " . N HEN ' !
18.1 . - Correspondence Course, Lecture 2, Sec..5, Ele¢tricity, Direct ° 11.1 Generators, Types &
~ o .Current Machimnes, S.A.1.T., Calgary, Alberta,|Canada _ - ’ '7 Construction:
e . : [N - h R ' ) . s . f
18.1 B Correspondence Course, Lecture 4, Sec.”5, Eledtricity, Alternating - 11.1 Generators, Types & - Y
18.2 . Current Generators, S.A.I.T., Catgary, Alberta] Cabada : : Constructiomn :
N i e o W, 18.2 Generators, Operation
£ ) ' . ) , RRE ' o . » l ‘. A
19.1 - Correspondence Course, Lecture'5, Sec. 4, Primg Movers & Auxil- - 13.1, Air Compressors, Types ‘
“{aries, Air Compressor I, S.A.I.T., Calgary,'Al ’rpe3 Canada . . p o
19,1 ~ Correspondence Course, Lecture 6; Sec. 4, Prime Movers & Auxkl-_ = 13.1 Adr Compressors, Types
. - faries, Air Compressors IIyeS.A.L.T., Calgary, Aﬂberta, Canada 13,2 Air Compressors, Operation
. I ' A o~ N % . i \ & Maintenance ' -
. , . . /- : ! ] » _
20.1 - Basit*Electronics, nger.Transformers, EL-BE-51 " ' . 15.4 Transformers |
21,1 .JCorrespondehce'Course, Lecture 6, Sec. 5, Electritity, Switchgear' 15.3 Circuit Protection K
‘ & Circuit, Protective Equipment, S.A.I.T., Calgary, Alberta, ’
§ Canada = | | ’ ‘ : ,
22.1 Correspondence Course, Lecture 10, Sec. 3, Prime Movers, PowerA 15.1 Installation Foundations
: “Plant Erection & InstaTlation;, S,A.I.T., Calgary, Alberta, Canada : - .
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o The following pages list modules and their corresponding numbers for this

[N

¢ RECOMMENDATIONS’FOR USING TRAINING MODULES'
. v 4 . c v

‘ particular apprqnticesﬁip trade. As related training classroom hours
vary for different reasons throughout the state, we recommend that
the individual apprenticeship committees divide the tdta]QPﬁckets to
M their individual class schedules. . .

~ “Therey are over 130 modu’es ava¥1ab1e: ‘Apprenticés can comp{ete the
who]e'éét‘by the end of their indentured app?enticeShips; Some
abbrenfices may- already have knowletige and skills ihat are covered
in particular modules. In those'caSes; perhaps credit could be
granted for those subjgcts, é]]owing apprentcies to advancé‘to'the;
remaining modules. - | | '

. We suggest’ the the apprenticeshipinstructors assfgh the modules in

numerical ofder.to make this learning tool most effective.

.
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‘/'/ SUPPLEMENTARY INF’ORMATION o | .
| . ON CASSETTE TAPES - o y
. " " .. iy
¢ . ) |
) ; . e
] . N ' . N
. Tape l: Fire Tube Boilers -~ Water Tube Bojlers
' and Boiler Manholes and Safety Precautions Y
Tape 2: Boiler Fittings, Va\lves, InJect:ors, 1
Pumps and Steam Traps b
) , ' V-
Tape 3: Cambustion, Boiler Care and Heat: Transfer
‘ and Feed Water Types
¥
 Tape 4: Boiler Safety and Steam Turbines . H
’ . - | \
NOTE: The above cassette t:apes are intended as addltlonal
 reference material for the respective modules, as : S
A indicated,, and not designated as a required assignment.
h’\%i N .
\ ;
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< "Goal:

=)

The apprentice. will be able to
describe types of generators .
and their construction.

A S

-

Performancé.Indicators:

1.

generatorg. . .

Describe AC generators.

Describe  DC generators.

Describe field exciteérs.
. &

Describe construction of

(< 4

4

s
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' * Read the goal and performance indicators to find what is to be learned from ,* ‘
' package, e T . e N . > S
* Read the vocabulary list to'find/;:; words that will be used ip package.. ~ - _;
. R R . , . . N . \ . . . ’
* Read the ihtgbdut;ion and information sheets, T ’
* Complete the jqb sheet, . . ’ . ,
i . * <Complete self-assessment. : ; :L
. : e ' _ 7N : .
. * Complete post-assessment, |
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Vocabular

“:Alr:cooling )
Air gap R B
Alternator , ' _
Armature core , . ' EE y
. Brushes L o -
Commutator ' . ‘ ' . —
Compound generator (DC) L,
Core o - :
Cylindrical type .
Direct acting rheostatic regulator .
End caps . , |
. Field coils . " '

Field poles S .

Flat compounded
Frame or yoke
Hydrodgn cooling
Indirect acting rheostatic regulator
" Interpoles’ .
‘Liquid cooling .

Magnetic amplifier
“Motor - exciter
Over-compounded

Pole cores o
Rotor B
Salient field pole type
Self-excited

Separhtely excited .
Series ¢

Shaft exciter .
Shunt ' v
Static, regulator

Statorf '

Stator: frame
Synchronous‘speed,
Three—~phase
Under-compounded
Ventilation slots
Windings

<
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' Geng::tors transform mechanical energy into electrical energy.* They are basic
‘ components of power generation plants. Most generators in’ industry are of #he
" alternating current type. AC generators. are commonly known . as alternators.
Steam and gas turbines are used to power most large alternators. Some small
“alternators are engine driven. v -

’ .

A direct current generator is actually an AC generator that has been equipped
with a commutator. The commutator is a rectifier. DC generators are not widely
- used except as field exciters for 1arge AC. generators. / .

Turbine generators are composed of a magnetic field that rotates (rotor) inside a

stationary conductor component (stator). This package will describe the types
‘and construction of generators used in power production.
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' . O AC Cenerators
# . AC generators must be driven at a constant speed. - This is to assure the . .
* ' frequency - of supply of electricity entering a circuit load. If more than® one
generator is hooked in parallel, each must be operated at the same speed. That - |
. speed 1is "called synchronous speed. The alternator is composed~af - two S
compgnents-—the stator and the rotor. =, . L '
R ‘ . - . ’ " ' : &
- e N Stator Design . ‘ - ' ’
The stator is the stationary portion of the alternator. It has three'ﬁartS°
* .Core ~- built of segmented steel sheets that are slotted =10) that they can»"
be keyed to the stator frame.J o :
- * Windings -- formed from copper conductor materials and wound to fit in ]
. : the slots of the.core. The windings are insulated by a bonding material
such as micanite,
* Stator frame ' —— supports the core and windzfﬁs and ser€s to enclose
cgolants. .. ' : v e
o . . I _ ¢
v
' ~ -
/ .
’ N - BN ‘. -
! A
s ‘ : . . .
. Rotor Design . ' ' - | _ R .
) The rotor is a steel forged shaft that is ‘slotted to receive the rotor windings. . = .,
' Rotor windings are strips of copper that have been insulated with micanite. The e
'windings are .held into the rotor body with steel wedges. This protects the -~ =
. windings against the centrifugal force of the turning rotor, Once thé steel
. wedges are driven {nto ' place, end caps are used to lock the wedges into.
., position. The rotor ~shaft is made with ultrasonic test grooves to allow "
: : examination of forging soundness. Also, -the shaft. “has machined'
. ventilation slots to assist in the cooling of tHe rotor. B :
;A‘... : "\ . . : : .5 )
. ' it il
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@ eNmLaTow SLOTS | “ | LT
. o o ROTOR COMPLETE WITH WINDING .ENDBELLS, FANS
T | . - AND Coupuwos

. » | .
Types of AC Generators ° ' . ' ) '
Alternating current generators are of two types. ‘The salient fiéld pole

generator is used on water turbines and diesel engine driven plants. It is a

* i slow speed gerierator. A cylindrical type rotor is used on steam and gas turbine -
- driven -alternators. Salient-pole rotors'have projecting field poles.  .The
laminated pole pieces with their field coils are mounted on the rim of the steel: _

' © spider and keyed to the shaft. =~ : : L

The cylindrical type rotor was shown in rotor design. It is a high<speed rotor
N that can wjthstand the vibrations much better than the salient-pole type. For
'that reason, it will be’ t:he generator most’ often found in a power plant.

&
-4
A~

. AR ]
K S 6 A . ’ v ' w o ..!. Y )




=3

.~ INSTRUCTIONAL LEARNING SYSTEMS -~

llllll-ll*
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- ’ : . o : :
Phase . L - : - R . ) ,
L) N . . ‘ . . ’ . ' . ‘ . ’ x . # .
i Both single,phase and three-phase alternators are manufactured. The three-phase
is theg most common type in steam- generation plants.. The. windings are set in
thrge groups. These groups are set apart by 120° . This causes: three = -
different, overlapping voltages which tends to even out the power. A single
phase electrical wave will produce both positive and negative voltage with each
» pulsation. ‘ - _ :
| _Vo/*sr[-'\ , - . ' .
Vertsl - R ¥ , -
A three phase smooths out the momentary drop by- overlapping the electrical ‘
waves. This produces a more consistent power. ' '
. . . ) . : . ' 4
~ - [N * : ‘
. ¢ 0 |
"
’ - ﬁ
P ' )

"Cooling Design ' ' . - .

Alternators are cooled by air, liquid or hydrogen. In an air cooled system, air « ~
is recirculated through the windings by use of an air cooler. -This enclosed air
system uses water as a cooling medium for the air cooler.  Hydrogen cooling is
‘also a closed circuit system. Hydrogen has many advantages over air as a
cooling medium and transfers heat much more rapidly than air. '. Hydrogen is ‘more’
. explosive and must be encased in afi explosion proof casing. When the .stator is
opened for repair, the hydrogen should be purged with CO,, to- avoid explosive .
mixtures of air and hydrogen. liquid cooling of alternators is a necent design
feature. Water is moved through hollow conductors in - the stator. : The
conductors are made 'of copper. Water is carried-to the COnductors through
stainless steel manifolds and .plastic insdlating hose. " J

! . . . . R e
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Information‘

A direct current: generator is very much 1like an AC generator. The big
~difference is the copmutator. A commutator is a rectifier which' changes T
alternating current 7jinto a one directional flow. Both AC and 'DC generators '

produce alternating  current. The commutator changes alternating current to
direct current. ' _ S ﬂi~

. . N : "
DC-Design o - ' , N

A DC generator consists of:

* A frame or yoke that supports.the field poles and is also part of the
magnetic circuit. - : .

- * .TField poles that .are bolted to the yoke. These field poles or
; pole cores are made of sheet steel laminations that are insulated from
. - each other and riveted together. B

' o
~ * Armature core consists ‘of sheet steel laminations that'are keyed to a
o . shaft. The outer surface of the core is slotted to handle armature-
. . colds, :
9.
*

Air gap is the space between the armature surface and .the pole face,
ﬁsually 1/16" to, 1/4" in length. -

- Gommutator -~ is sectred to but insulated from the shaft;= It consists of

#'; o 'a number of copper segments that are assembled into a cylinder with each
'  .segment insulated from the others with mica The armature coil ends are
[‘ soldered to the commutator.
':*ﬁﬁﬂfushes — provide ‘the electrical connection between the armature and the
;soutside circuit, These sliding electrical connections are made of carbon .

“and held in place by spring tension., s S

* Fieldtcoils are placed around the pole cores and connected in series to
form - a field circuit. The field cpils may be connected -as
shunt field coils or'series field coils,

* Interpoles or commutator poles are small poles placed halfway between the .
" main poles, The inhterpoles are designed to improve commutation by
establishing a magnetic flux when current flows through the armature

‘ circuit . _ -

24




L b 4

RN ‘

~—

-

v

_Information

* " INSTRUCTIONAL LEARNING

i . ]

SYSTEMS' -

. . - B : ‘ !

“y

[} °

The fpllowing:diqg(am,Showsfthe-ﬁartéfdf a:DC«generqpqr; _

I

. . Fierd yoke ¢ -

Commutating . -
. pote " .

v
. Shunt
tield coil

. tielo coil .

¢ - Neutral
‘plane

A dismantled generator with pafts is shown in the"foilowing picture.
ot 1 . :

L4 7 \

Types of DC GeneratOFSA ‘

Dinect.cﬂrrent generators may be classified into three major.types.-
1. Series "
2, Shunt

3. Compound :

9 R e

. sgfles v -
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" "Exciters | - (

{
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» o -

Generators may be‘;}?ssified hyﬂthe vay they receive their current,

: ' : 7 a .
* Self-excit§ll generators receive current directly from the generator
terminals, S - :

* Separately excited generators use a separate source 6f current to feed
the shunt winding. o v -
t, _
A series type generator uses heavy copper windings about the field coils that
are connected in series with the armature. Increases in armature current shows’
an increase in the voltage of the electrical current generated.

L

P va
.

The shiht type genenator ‘shows a decrease in voltage as the load is increased
This is opposite to that of the geries type generator,

In compounding a generator, both series and shunt principles are used to obtain
a constant voltage under load. If the terminal voltage remains constant under
all load conditions, it is called a flat-compounded generator, If mgre’ than‘the
needed turns are made in the series field, 1t is called over-compounded. Less
than the needed td;ns results in under-compounded generators.

. | . '
' Field Excitation '

+
]

A field excitation system is all of the equipment needed te control, ‘-supply and
regulate the-field current. This section will) deal with field excitation for

‘alternating current generators.. Field excitation is usually provided by direct

cyrrent from a DC generator. 5 ST

v

&
Exciters are self-excited or separately ex¢ited through a shunt field winding.
The exciters mpy be consected directty to the shaft (ghaft exciter) or
‘separately driven (motor exciter). An, éxciter may be connected with the shaft
by mounting it direétly on the, shaft extension (direct connected type), through
a direct connection to the shaft with a flexible coupling; or through a' gear
connection “to the turbine generator. All of the above are shaft exciters.

Motor driven exciters often use arge flywheels to ‘take advantage of low
commUtator speeds. . These units are ade in. large sizes.#¥ ' -
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Information

Field_Circuit‘Breakers

When dealing with ldrge field currents, there is a hazard when the magnetic
field collapses and * high voltajje surges into the field windings, To avoid
damage from such doltage surges, ~an additional set of contacts are placed into

the

field " circuit. The contacts use a resistpr to -absorb the voltage and

prevent it from damaging the windings.

Voltage Regulators ]

*

<

Voltage regulators automatically ranE or’ ’ﬁower the excitation level . of

generators. - When ‘the regulator detects a change in voltage, it responds by

' changing the field excitation. . This permits the ‘generator to deliver output of
a constant voltage. Voltage regula:ors are classified ag: ‘

*

Direct acting rheostatic ragulators that respond directly to the

generator. - '
‘. _ o

Indirect acting rheostatic regulatont]asns an auxiliary appafpatus- to

control a rhaostat in the generatop/ _ o

Static regulators that use a magnetic amplifier and an .amplidyne to

'regulate the voltage.

A e
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Assignment |
* Read pages 1 - 10 in "Direct Current Machines" of supplementary reference.
- Read pages 1 --22 in "Alternating Current Generators" of supplementary
reference. _ R
* Complete job sheet. ‘ p |
* Complete self-assessment and check answers. o
* Complete post-assessment and have instructor check your answers.
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“Job sheet  |\J

LN

COMPLETE VISUAly INSPECTION OF AN AC GENERATOR.

*. Locate an AC/generator.‘ (Preferably one thzt ia.opene&_up for'rgpain
purposes.) : : : : .

* _identif; the pargs of the stator, their desigﬁ and- construction features.

* Tdentify the pafts of the rotor, their désign and construction feéﬁures.

- % Jdentify the field exciter and how the voltage is regulatdd.

“~
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Assessment

.r .
Match the ﬁﬁilowing terms and phrases, "l .
’ A . -
N 1. Rotor ‘ ' _ A. Used in generator|cooling
‘ L system. : ’
. 2. Commutator ' ;- ' - B. Shows incredse in.volt§ge
T SR K _ as armature curreWt increases.
3. Static type ! C, Built of segmented stéel sheets”
' o . that are slotted.
4. Windings . D. The part of a generator that
: ' T is stationary.
5. Hydrogeh . K. Type of AC generatpr.

6. Core -F.*Fit into slots in the stator

t
et ——

-core.”

changes altermyting current
‘ to a one-directidn flow.

- 8. Stator _ 4& : ' H. Voltage regulatorfhhat uses ;
' a magnetic amplif%er. l

1

9. Shu‘t type generdtor . . - I. The part of a generator that.
& ' : " _ rotates. Lo

10. Series type generator . .J; Shows decrease in voltage as
v . load is increased. .

7. Salient field pole - . G. A type of reciSQ:er that !

g
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Assessment .

M

&

Nq -

l. When two generhtors are hodked together in parallel ‘they must be operated -
at the same speed, What iB that speed called?

. ' . i
. l.d” /
' A
2. What are the two major cdifponents of a generatof? - ,
: - W - , N .
4‘? " ' ° - [ . ' )
- i o S S

i
)

T ., o .

§ ' .
3. " What is the purpose of vqntilation slots in a rotor?

[4 : . t

g

4. List two types of AC gen rators? :

¢
, . . | .
‘ ~ 5. Which type of AC genera%pr is most commonly used in steam driven power ()
plants? i . | .
6. In a three-phase altetﬁ@tor, the windings are set apart by degrees. .
@ ' - : S
7. What is the advanjage of three-phase electricity? :
. &
8. List three cooling methods for AC generators., "
. d
9. List three type of DC generators.
e . *
| - :
10. List two!types of_field'eicitersl | | ’ o B ¥ -
@ L A - | ,
L ' o ' : .
e .
| 16
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Post Assessment
Answers

S 9

10.

.Rotor, stator

Synchronous speed

Cbéling.qf'ehe rotqr

Salient field pole, cylindrical type

Cylindrical type o ’ p e

120 -

7

Sd%oths out pulsations to give.even power flow

P

Air, liquid, hydrogen
Series, shunt, compound

Self-excited, separately exeited

n . o )

17
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- L SOUTHERN ALBERTA INSTITU’I‘E OFTLCHNOLO(:Y
8 S - - CALGARY, ALBLRTA

_ Correspondence Courses
¢ '. ' -' ° Power Engineering

+ SECTION 5

: . o Second Class
ELECTRICITY . S - - ¥ Lecture 2

DIRECT-CURRENT MAC HINI:.S

/ .
This lecture will outline direct-currept motors and generators with = .
regard to construction, type, performan(,e and appllcatlon It w1ll mclude : Y
S '“"iMM"Wmmmmmmrﬁcma, otar Tty ATt e

of control of direct-current machinery.*~ ~

1

] v

DIRECT- CURREN'I‘ GENERATORS

‘ N
A generator is a dev1ce for changmg mcchamcal cnergy ‘into electrlcal
energy. The mechanical energy is supplied to the gencerdtor-drive and the
.. movement of electrical conductors in a magnetic field produces electrlclty,
as was shown in the foregomg lecture.

Direct current finds limited application at the present day, but d-c
generators are used for excitation of large alternators, for- supplying power
* station auxiliaries with emergency power, and for such uses as lighting ser- -
( vice, stationary-motor service, traction-motor service, -electric welding,
battery charging,. electrochemlcal processes and communication systems,

, I 1g 1 shows the basic d-c generator. Here two electromagnets are

~ mounted in a circular frame called the yoke; the magnetic-field circuit is _ |

" shown in broken lines, The armature is rotated in this fleld and the gener- ' o
atcd -current collected through brushes on the commutator. '

Fig. 2 gives an illustration of an actual machine. -

Construction

-

(a) The frame or field yoke is steel or cast iron; it serves as support
for the ficld poles and also forms pary of the magnetic circuit. The pole pidces
are made up of laminated steel plates\ riveted together and bolted to the yoke.
The pole face is made larger than the kain- body of the pole in order to support
the field coil and-also reduce the reluctance of the air-gap between field pole
and armature. u} ' » . '

’

(b) 'I'he armature -ig made up of laminations of soft iron sheeting 1nsulated ) «
from each other by varnigh'in ordér to reduce eddy ¢urrent, keyed to a spide
on the shaft and bolted up between clamping rings. . _ !

i
*
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(a) Field, showing yoke, main ,

poles and interpoles o " (b) Armature
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) ) . » . . . .
(_ R The armature toils are laid into slots in the armature core the ends - -

brought out and connected to the commutator bars. .

Fig. '3 shows a section of the arrangement. The commutator bars are N ‘
insulated from gach other and from the shaft,

\
.s_
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B . ‘
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( : SECTION THROUGH ARMATURE AND COMMUTATOR |

for D-C GENERATOR'

5

Fig.3 - o ’

) “‘ : ' -
1. Soft iron stampings insulated 9. Copper bar of commutator. . . -
from each other. : 10. Mica insulation.
2. Ventilation space, o 11. Clamping ring. ;o
3. Armature conductor (A) 4 12. Spider keyed to dtiving shaft.
4. Armature conductor (B) . 13. Key or feather."
9. Ventilation space. ' . 14. "Riser" riveted and soldered
6. Clamping ring. ) .. to copper bar of commutator
7. Spider keyed to drxving shaft and to ends of conductors - : .
. 8._Key or feathér, 2 A and B. , _ .
. A _ g 15. Screwed locking ring. :
| :
— . ' N ‘
‘ . ’ ‘ l . . ~ . ' . ' '-. . .‘-
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Commutation

to the externad circuit at the same instant that the current reverses in the
(See preceding lecture and earlier courses,) The result is unia\directi_onai '
current (dlrect current) in the external circuit. R

The action of a commutator is to reverse the armatu re coxl connectio? : '
coils,,

., In order to accomplibh this without breakmg the contmuxty of curren{ flow
to the external circuit the generator brushes are arranged to brndge over two
or more segments, - This in turn meahs that while the brush is bridging two
segments it forms a short-circuited coil in the armature. If this short- circuited
coil is cuttmg magnetic: flux at that time, it will, besides- carrying the load cur- .
rent, have an E- generated in it and have a circulating current,

Further this eoxl will form an indu cxrcuit and will draw an arc if open-
circuised. In order t& athieve sparkless®®ommutation then, it is necessary to-
ensure that the short—cxrcmted coil does not have an E generated at the time of
ledvmg the brush. . : _ C :

|

'Thxs will only be the case if the' brushes dre correctly located at- the
neutral point where the coil is cuttmg no’ﬂux.

"Armature Reaction

~ Fig. 4 (a), ('b).-'.-:fnd"-"(c) shows the. effect' known as ""A rmature Reaction'. -
: Fig. 4(a), ShOWS the magnetic field in a tWO—pole generator with no 3

current ﬂowmg in the armature conductors. The only effect the armature
_has upon the field is to cause the flux to t.lke the easy path through a hnghly
permeable soft lk‘on core.

F‘ig 4(b) shoWs the magnetic field produced by the armature conductors
with load current’ flowmg through them. ( The ficld from the poles is entlrely
omitted ) - : . .

-

Flg 4(c) shoWs the interaction of these two fields and represents the
conditions obtaming when the generator is running on load. . @

Note, ihzthe first instance (sketch (a)), that the points at which the
revolving conductors would be cutting no flux would be at'Y and Y. A line
‘through Y-Y s termed the nceutral axis. In the (c) sketch however, this
ncutral axis ‘has now been dnsplaced by armature redctlon’ to the position Y'Y'.

The bmsh position necessary for sparkless commutatlon in the fi rst
mstance is’at Y-Y but in the last instance has changed to Y'Y' which means
that as load is ihcredsed upon;the generator the brushes must be shifted
around in the direction of rotation. -




lnt(,rgolcs

The improvement obtamed in commutation by brush shifting with changing -
‘load can be achieved by the use of intcrpoles. These are small poles spaced
between the main poles and set to opggse the field caused by the armature
conductors, 'Fig. 4(b) shows that interpoles fitted to this machine’ would have
&0 be S polarity (top) and N polarity (bottom) in order to achieve this object
Or differently stated, the same polarxty as the following main pole in.tif#
dircction of armature rotation. o

]

" Thesg interpoles cannot neutralize the armature reaction entirely but they
can provide an opposing flux which will keep sparking at the brushes to a min-
imum’ They will do their duty most effectwely if the fleld they produce is

- sizc of thel machme but will be about 1.5 to 6 mm. o

directly proportlona en-the-intarpole.

winding is always a few tuﬁns of heavy copper carrying the full armature
_c\;ent, in series with the armature.

‘The machine plctured in Fig. 2 is httcd with interpoles Note that intcr-
poles will only be found on d-c¢ machines, ana-c machme has no commutator
.and hcncc no need for interpoles. .

Compensating Windings

v
-

Compensatmg wmdmgs carrying full armature current (as do the mterpoles)

are sometimes fitted into slots in the pole faces. Their purpose is to neutralize ™ _
the effect of armature reactibn in the zones outside the influence of the inter-" |

'poles . ,

Neutral Position. S '

Brush position on the commutator of 4 d-¢ machinc without interpoles
required adjustment with load changes, as stated, earlier.” With interpoles of
proper design, the armaturc neutral, and consequently the brush positions
arc fixed. This position will be located and marked on the ‘machine during

" manufacture. Usually the brush carrier ring has slotted bolt holes and can

rotate in its machined spigot landing in the frame when the securing bolts arc

" slackened.  The following remarks will give suggested methods of checking the

ncutral position if this should become necegsary. -

“Before beginning such a'check it would-be wise to see that the brush gear
is correetly fitted and in good order. The brushes should be equally spaced
around the commutator, lined up with tﬁe segments, and properly bedded to the
surfa.%They should be all of the same gradé. The ficld poles should be
checked Tor tightness in the framec and the air-gaps betwcen pele faces and
armaturc measured to cnsure that they are umforrp These will vary with the

.

.' ) | . - (PE2-5-2-5)
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_B the width of one co mutator segment. When }hese probes are placed on the
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' ARMATURE REACTEON INA TWOPOLE '
 GENERATOR ) |
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Standing Neutral - The positlon of the neutral, with the machine
stunding, can be most accurately found by use of a voltmeter or millivolt-
meter. Bnefly stated the method is is follows: Connect a voltmeter between
+ve and *ve brushes; with the machine standing excite the shunt field to
about 25% of rated voltage. Qpen and close field switch-and observe the volt-.

- meter. Shift the brushes until the: meter. shows no deflection on making or
_breaking the circuit hey will then be in the vorract neutral position.
, Runmng Nbutra - A good check can be carried out thh the machine
being driven as a ggnerator. A pair of test probes is connected to a milli-
voltmeter and the probes set so that the distance between them is equal to

Yre e

L]

‘computator surfac with the machine running, the millivoltmeter will show
the voltage drop between segments. Then by exploring near the neutral zone
a position will be found where zero reading is obtained on the millivoltmeter ” .

~and this will be the nentral point, L _ (

'
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(; TYPES OF. D-C GENERATORS

There arc three main types of d-t-generators: Shunt, Series, and Compount.
Fig. 5 shows in sequence a Shunt-wound, Serieg- wound and two types of Compound-

wound generators.

Note that all of these machines are self-excited, that is their field‘current :

R is supplied by their own armatures. . , W ' R 4
Fig. 6 shows a machine operating with excitationssupplied from a separate
source. :
. ‘When a generagor is in operation, whether on load or running light, the Wunt
. ficld is always exciled: the series field on the other hand is only excited when the
machine is delivering a load ¢urrent. From this we can see that a series-generator
will have very 'low voltage when the machine is at no- load, whereas a shunt- :
generator will have fairly constant voltage at all loads. ,
These facts. influence the Eenerator operating characterlsﬁcs
(
O
b Shunt
Field
- Arma.fu_re.
¢ Brushes
A
( -8 / \
* Shunt- . Scries-
' APIEO : ’ vy e
: ({c.nu.itor o ) S o Generator ,

Compound-W ound

Cgmpound-Wound
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Short~-Shunt

SELF-ENCYTED D=C GENERATORS
]"i L 5 '
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- f7=- Gonerator Characteristics
i .

One of the most important characteristics of any generator is the variation -
! in its terminal voltage with changing load. This voltage change measured between
' ‘no-load and full-load is called thé voltage regulation, or simp regulation, and - -
- would be discover/ed by experiment, for any particular machine,

run at constant speed, with field éxg;itation set to give the rated terminal voltage
at full-load. No adjustments are carried out during the test, g Co
h . »

*Expressed as a percentage this is:

lation = No-load volts - 'Full-load volts
% Regula on Full-load volts

, -8

The following regulation curves show the voltage characteristic for each of

the generatop types in turn, (For convenience, Fig. 16 (a) to (¢) of the previous .

“lecture, shoWing the maching connections, has becn repeated, )

: _ J
Separately Excited Generator
) . .
» .
[
2
5
’_4
Load current '. _- . \ ¢
Voltage Regulation Curve - Machine Connections

Fig, 7 o '
The voltage dqcreases with increase of load'current'because:'_'

(a) The armatire circuit resistance incroases, and _
‘ - (b) The armature reaction reduced the effective. flux and consequently the
emf, ’ . ‘

A Note again thét these curves are drawn for a fixed position of the field
rheostat. ' Co - .

. The separately excited generator has a decided advantage over the self-
excited machine in that it will operate in a stable condition at any level of field
excitation. This characteristic makes it partiqularly suitable as an exciter for
a central station alternator. In this plant-arrangement the exciter (the separ-
ately excited generator) is driven off the main 'turbine shaft together with a
second or pony exciter which supplies the field ‘of the first. . :

(1>1-:2~?;~z~n)
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" commutator must be clean,

L

» ’ ) *
. ‘ -9 ) \
r
Shunt-wound Geperator
' f-(
w , I
' e 1o: - .
g l/ P 4l S I
2. Armature reaction, :
, Y J. Weakened
» E 3}.6 shunt liekd %
3 ~ < g
| b Load corrent \ T
' -

Voltage Regulation Curve
. _ ' r Fig, A8
The terminal voltage decreases with increase of load current for the same

reasons as the separately excited machine but the effect is more marked. This

xskbecaube in this case the shunt field is weakened by thc rcductxon in genemted
P.l . . <

»

Machine Connections

A self-excited generator depends in the fir'st place upon the resid.ual
magnetism {n the field circuit to Build up terminal voltage as the machine is
run up. Failure to build up voltage may be due to the lpss or the reversal of
this residual magmetism. It can be restored by passin? current through the.
field coils; a 6-volt storage battery will usually be sufticient for the purpose.

Before deciding to ''flas field coils to restore the residual magnet-
ism, care should be taken to see that the whole of the field circuit is in good
working order since a fault here could also prevent voltage build-up. "The
the brushes clean and the. brush-connections good.
The ficld coils should be checked for open-circuit and for short-circuit.,

Serics-wound Generator =~ s . v
’ w
ng ?5:22://0”\_ P /j. Drop dlre o -
Y o Y == /. Armalure reaction
4 / ' 2 IR drapnarmature _
’g‘, “and serves field P
. W '
€ | &
; K
Y Charactersslic £\ ‘
_p
. ] « ‘ ' . ‘ ]
1 Load current : . :
Voltage Regulation Curve Machine Conn&ctions
| Fig. 9

!

The series-wound generator i8 a self-excited generator which has armature
and ficld connected in serfes. The initial. E generated depends upon residual
magnetism, the fleburrent is also the load current so that full flux and there-
fore full voltage cannot be achieved until full-load current is flowing.

(PE2-5-2-9)
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Compound-wound Generator

o - E\»)

""Short' shunt - "Long" shunt

.compound -wound - “campound-wound
) © i Over compounded
gx == Flat compounded .' . AN
\ 3 ' Undler compounded
-8— . 9w
- NE
(g BV
Eoad current Co
Voltage Regulation Curves
e " Fig, 10 -y
The compound-wound generator combines the principles of both shunt : (
and series machines and is the design which finds most-application.

The relative strength of shunt and series fields can-be chosen so that
the regulation eurves show rising voltage with load (over-compounded ‘machine)

or falling voltage with load (under-compounded machine) or a constant voltage
from no-load to full-load (flat~compounded machin ). .

. The winding may be connected so that the shun{ field is in parallel with
thg armature only; this is called a "short" shunt, Iternatively the shunt field
may be in parallel with armature and series field; this is called "long" shunt, .
The operating characteristics of both connections are very similar."

- ’ U

Generator Voltage Control : .

It is possible to prevent the terminal voltage of a generator from- varying
with the load by controlling the field rheostat so that the field current and hence
the magnetic flux is adjusted for each change in load, ‘ '

K 7 o

For example, an increase of load would cause a drop in terminal voltage,
to counteract this the field resistance must be reduced. This will allow greater
field current flow and increase the flix density. From the discussions in the preced-
ing lecture it will be recalled that the generated voltage is directly proportional - -
to the rate of cutting lines of force. ' '

The required movements of the field rheostat may be carried out by hand or | .
{nay-be automatically controlled. There aré scveral automatic voltage regulators (
available: Tirrell, Diactor, and others. /All work on the fundamental principle h
that a terminal voltage change calls for an inverse change in flux. B

(PI2~5-2-10) | ,
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Parallel Operation of D-C Generators

'( When more than one generator is required to supply a load and the machines
: ... . must be run in parallel, precautions must bg taken to see that they are stable in P
. . théir operation, In other words they must each be able to maintain their required
' portion of the load despite any smgll temporary fluctuations in speed or voltage, " /J

3 This stability will only occur when the generators used have "drooping char- . o
acteristics' (decrease of tegminal voltage with increasing’ load). Shunt-wound '
* generators show this characteristic (sece Fig, 8) and are thus always suitable for
parallel operating; series<wound generators-are not. Compound—wound gener- _
ators may have a'rising characteristic', that is, the terminal voltage increascs L Yo
with increasing load if they are over- compounded mhchines. ‘

. In a case where two over-compounded generators are run in parallel
consider the sequence of events which would follow a momentary increase of
speed of one of them. The terminal voltage ‘of this machine will increase: it
will then supply more load current. The increase in load current will flow
through the series field and causeg a further increase in p.d. This sequence will i
. continue progressively until that machine has taken all of the load and is driving .
~ the other asla A motor. The arrangement would be inherently unstable. . i

Two machlneb in similar circumstances but hdvmg drooping characteristics
would react as follows: The machine which speeded up would supply more load
current because of the increased terminal p.d. but this increased load would
bring decrease in voltage instead of increase and consequently no tenthency 6
pick up any more load. ~As soon as the temporary speed increase had gone the
two machines would resume.their load sharipg as before.

( - Equalizing Connection - The flow of load current through the series-field
” windings can be equalized by the connection shown in Fig. 11. In this case the
corresponding ends of the seties fields are conriccted together so that the two
series-field windings arce operating in parallel. Any variation in ¢ither machine
. -terminal voltage now wnll\cause a change in current flow in both scries-ficld
" windings and will not caus¢ unbalance. The load which cach machine carries will
he determiped by the shunt fneld and can be set by the posltnob of the field rheostat.

: To —EUS — - Yo .
, : Load +Bus ;,_Load o |
Voltmeter ' .
” ’ . L d . ' R
’ An‘;g‘ag" Mam grrerrry Amte\aefcr : .
_ Main Switch® _
' Senes -
ield ,
‘ qualizer
| Y
| \
hunt Field -
Field Rheostat . N !
| _ A PARALLEL CONNECTION OF COMPOUND GENERATORS | ¥
o SHOWING USE OF EQD)ALIZER Bar - -
- : Fig I o, . .
~. R e - , (P2-5-2-11)
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. DIRECT-CURRENT MOTORS -~ - =~ R . o

There are throe general types of d-¢ motors, classified (like the d_-é gen- . c

crators) according to the method of. field excitation used, The three types are

Shunt, Series and Compound-wound motors, , They possess certain individual s

. characteristics which depend.upon the winding, T s :

There is one charactenistic however which is'common to all d-¢ motors -
andsthis is the ease with which speed control can be achieved. There is no
doubt that this advantage is res'ponsible for the choice of d-¢ motor-drive in
preference to alternating current f many applications, = .

D=c 'motors will show character stics regarding starting torque, overload
capacity and speed variation with load changes. In order_tosmeasure these the"
motor must be run from a supply with the voltage remaining constant, It must
be borne in mind that these characteristics, determined by experiment, are the
inhcrent characteristics and do not inclu& any manual adjustments. - '

7wﬂ"‘Lﬁ[’Thc selection of the correct motor for a particular application will be

carried out largely by matching the load requirements with the known motor
operating characteristics, R . :

' Y ) . ' lh
Operating Characteristics - oo <

Dealing with each’of the three d-c motor types in turn:

~Shunt Motor - Thisg motpr-is classed as a constant-—sbccd motor, '-Vci'y _ L
little change will take place in its speed over the whole range of load. Speed R e o
control can be carried oyt by adjustment of the ficld rheostat. Note that ( )

‘weakening the field increases the motor speed. At no time nmust the field

cireuit be opened if the motor is running unloaded, Theincrease in motor
speed would be excessive and dangcerous; YR '

. . . . ' ! . - .. X
The shunt motor is useful where a constant speed Is required.

series Motor - Since the armature current of a'séfics motor passes
through the field. a change in load causcs a change in both argature current
and field strength,  Inereased load will increase both armature current and
field strength and conscquently slow the motor. doswn; conversely light load
will allow the motor to speed up. At no time should the load be removed com-
pletely l'x'o“m 4 series motor, The motor speed will increase to dangerous pro-
portions - . . ‘ _ '

Note that the torgue increases-very rapidly at low speeds and this makes
the series m}xgtmr parlivular]y uscetul for starting against:heavy loads such as s

required for ¢rane work or traction purposcs e A ,;
), . . e ¢ - o
/- Compound™Motor - The compound motor combings the characteristics of <

the shunt and series motors, The speed reduetion with load (the regulation)
I8 pgreater than the shunt motor. A o o

The torque increases more than that.of the shunt motor with increased load. _
“The compoind motor finds use where a fairly constant speed i8 required to- B
gether with the ability to handle sudden heavy loads '

" . v
(PE2-5-2-12) ! _ :
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(- Sturting"l | | . S

All d-c motors, with the exception of very small motors (fractional power up
to about 0.§‘kW) require starting resistances in series with the armature.

It was shgwn in the previous lecture that the armature current of a d-¢c motor
. when running ¥ will depend upon the difference between the appli%d and back E's.
At the instant of starting the back' E is zero because the armature is not revolving;
. the resistance of the armature winding is very small and therefore excessive, and
. %  damaging amounts of current will flow in the armature winding un,lebs some resist-

ance is added. ' . v
A 1’ ! . ¢ '
’ Ab the motor speed increases, the back E will increase 4nd the starting re- _
sista.nce can.be rcduced See’ Example i for illustration of this point. _ L
. Y o : . ' " )
Examgle ' o ,
A 7.5 kW motor has an .u‘mature resistance of 0.5 ohms supply voltage is
230 volts. What resistance is neceglary in the armature circuit to restrict the ‘ 4

starting current to 1} times the full~Ibad value of 40 amps? To what can this re-
sistance be reduced, when the back E has increased to 170 volts?  What would
" ke the armature current flow if no resistance were inserted ? )

lution

; . Applied voltage - back E G
Armature current Armature resistance o )

4 ¢ Armature current is to be 13 » 40 = 60 amperes
( ; ' Applied volts = 230 \
Back E (at start) = zero
’Iotal armature’ resistance = 0.5 + R ohms
. Starting résistance_ R = -(MT(;O)- - 0.5 -«
X B = 3.33 ohms (Ans .) . | -
WhL:elzi(:;;dhre:;?sltzgc‘;og: " = 2306?) 1709) _ 0.5 -

il

0.5 ohms (Ans.)

: Argmtu_'rc current without starting resistance
: 230 -0
0.5

460 A (Ans.) (which is 11§-tim.es

‘normal full-load current)

H

. (_ ‘ | | (PE2-5-2-13)
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v Fig. 12 (a), (b) and (c) shows the three types of 'd,'-_c motors: Shunt, | ,
Series and Compound, with starting resistances. Note that fn each *
case'this is connected in ‘series with the armature winding® -

Small d-c motor-\s; (below 1 kW) are started direct on line volts because
the resistance and inductance of the armature winding is sufficient to

restrict the starting current to a safe figure, -

v

Further, this starting current is reduced very rapidl§ because the
motor will accelerate up to speed in a very short time.

L 4 _ ’

a— ' £

Variable Starting Resistor

Variable
Starting .|,

Field ~  Resistor
-, To
Power
Source’
_(8) Series Motor
a 144
&
Séries Field T
8 To
" Power
. Source-
s
(c) Compound Motor
D-C MOTOR STARTING RESIS'fORs
~ Figl2 R |
‘ ’ . - "‘\
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|
‘ .
i
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!
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» type with voltage-sensitive relays. -Reln{l
e\;

R - - 15 -
Automatic Starters - oo /
« Automatic starting of motors has several advantages over hand control. The.: o
scettings on the starter can be arranged to give uniform acceleration throughout ™ .
the motor run-up, and chances of improper operation which oceur under hand
! A .

control are eliminated,

Basically, there are three types of zfutomatlc starters, namely: counter-E
current limit and time limit. The first are sensitive to voltage and will act to out
out the armature resigtance in steps as the motor back E. builds up. The second
measure the armature current flow and reduce the resjstance in the circuit as the
starting current decreases. The third operate strictly on a time basis a#ll will |
cut out armature resistance steps at definite time intervals. - . -

» Fig. 13 shows a wiring diagram for an automatic starter of the counter-E
s A, B and C are connected across the
motor terminals where they measure th armature voltage; this will increase as

the back E builds up. . K

The motor is started by pressing the start button; this energizes the main
contactor M which instantly closes the main contacts MX! to start the motor, and
the auxiliary contacts M1, to seal the start batton . The motor thercfore starts’
with resistances R1, R2 and R3 in series with the armature. As the spced increasces
the rising termingl p.d, encrgizes the relays A, B and C in scquence. - :

A

Relay A will be energized at about 40% voltage, relay B at 60%  and relay C
at 80% Each relay operates-to cut out armature resistance, Relay A closes the
contacts AX. cnergizes the main rclay A1 which in turn closes A1X and shorts out
the R1 scction of the resistance. When all resistance has Been cut out the motor
will run until either the stop button is pressed or the contacts’ Ol opened by oper - ;.
ation of the overload relay OL. In cither case the motor will stop and will not re-
start until the whole starting procedure is begun again. - '

<

F'ig. 14 shows a current limit type’of motor starter. This type employs
series relays SR1.2 and 3 which are sensitive to the armaturc-current flowing,;
theseoperate the contactors 1A, 2A° 3A which in turn control the contacts 1AX
2AX and 3AX - '

The motor bs started ky pressing the start button  as before; relay M iy
energized and closes contacls MX angd M1, Current then flows ghrough the arma-
ture, the three resistances R1, R2_gnd R3 and the series relay SRI. Heavy
starting current through this relay causes it to open the (normally closed) contact
SRIX. Contacts M2 next close under the action of the main relay M. This oper-
ation has heen arrvanged to have o time lag which is sulficient to allow SRIX contacts
to have'heen opened first. )

Decrceasing armature current. as the motor speeds up and generates counter-
emf, is measured by the relay SR1 and used to re-close contacts SR1X at the
required figure  "Contactor 1A is now energized and closes main contavts 1AX
and auxiliary contacts 1A. The section of armature resistance R1 is thus shorted

~out and the armature current flows through R3, R2 and scries rclay SR2.

(PE2-5-2-15)
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" * The sequence is repeated until all armature resistance is cut out, the SRS
motor then runs at normal speed until either stopped by hand or tripped on (
overload. (] ’ . .

This curren limiting_type of starter has the advantage that the motor
will start'quickly of)light load and more slowly on heavy load. .

Fig. 15 shows a compound-motor starter which operates through definite
time-lag relays. The contactors 1A, 2A, and 3A have time-closing contacts
which are energized in sequence beginning with the main contactor M(oper-

_ating auxiliary contacts M2). . : > :

When a1l have closed and have cut out the armature resistances R1, R2 :
and R3 (normally closed) contacts 3AX are opened and the final iqotor speed S
adjustment ;'I:%ncontrol is carried out by variation of the field rheostat resist- '
ance in the shunt field. The motor is stopped in the same wnir as in the counter-'
emf and current-limit starters. '

Legend (Common to Figs. 13, 14 and 15)

Relays: Voltage Sensitive (A, B.and C - Fig. 13)
Current Sensitive (SR1, 2, 3 - Fig. 14)

- Control Relay (CR - Fig. 15)
N Overload Relay (OL - Figs. 13, 14, 15)

Contactors: Fig. 13 - M, Al, Bl, C1
. . Figs. 14 and 15 - M, 1A, 2A,-3A"

Contacts: Normally Open ”, Normally,ClosedJ‘r S

(l) i | Counter-E Type Y 4

¢7ﬁ9?7 ‘Fig. 13 R

Shunt field

| AyToMATIC STARTER FOR D-C SHUNT MOTOR , (
(PE2-5-2-16) : o : '
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W~ Motor Speed »
| A | |
It was shown'in the previous lecture that the force developed by a d-c motor
was given by the expression: R S ‘
’ . - F =  Bx Ix L newtons
_ . - ' " where B = 'flux,,density‘ (teslas)
> ) ' -1 = current in the armature conductors,
o . amperes
L =" the conduétor_length (m)
Also that armature current was given by: .
[ = ‘Applied voltage ~ Back E

~ Armature resistance

_ - Consider the-effcct of a reduction in the'ficld strengtn of a d-c motor as it is

running. The back E is Immediately reduced and consequently the armature cur-
rent increases. This inerease in'armature current I will be proportionately
greater than the re(luct;%n in ficld strength B and will result in a greater motor
force ¥ and an.increase in motor speed.

E.ﬁlmplc 2

The ficld strength of a d-¢ motor is reduced by '.5% while rl{nning. Determine
what effect this has upon the motor speed, given that the motor. operates on 220
vvolts, its armature resistance is 0.3 ohms and it has an armature current of 25 A

flowing: C e '
I
Solutio . .
. I'orce at first T BxIxL ncewtons
" Torque or l BxIxK Nm
N or 't =  Bx25xK Nm
‘ K is a constant that includes the radius at which the f%rce is acting
. L'e .
and Back b, lib = Et - IaRa (sce Page 24 of the
) - _ : previous lecture)
B, 220 - 25 x 0.3
- 212.5 V

When the field strength is reduced by 5% the back B is also reduced by 6%.

Back I, O now - = 212.5 % 0.95
) = 202 V |
' E, - I«Jb
Armature currént now “Ra .
220 - 202
0.3
. - 60 amperes

i

(PE2-5-2-18)




. control of the field current.’ a

. - -19 -

" Motor Torque now =B' x1' x K
e o =0.95x Bx 60 xK \

= 0.95 x 60 x K
‘Bx25x K

 =2.28 times (Ans.)

"« . Torque increase

The result is that the motor speed will increase until rising back-emf limits
the armature current to some value which is just enough tascarry the motor load at ..
the higher speed, . | ‘

Weakening the ficld of a d-c motor is seen to increase its speed and conversely,

~stx*cngthcning the field will slow the motor down. Control of a d~¢ motor speed

then, can be carried out very simply, - and over an infinite number of steps, by

Speed Control of D-C Motors | ' )

»

D- ¢ motors lend themselves readily to speed control by variation of either
the armature current or field strength. This can be dgne in the three types of

"~ motor by the following methods:

Shunt Motors- : : : ' .
- by inserting a field rheostat in the ficld circuit, by inserting
resistance in the armature circuit, or by varying the armature :
~circuit voltage. o : 0

L

: AU : o '
. Scries Motors ) S
- by inserting resistance in thé armature circuit,
Compound Motdrs '

- by inserting a field rheostat in the shunt field, by inserting ¥

resistance in the armature circuit, or by varying the armature

circuit voltage.
. A

The addition of resistances to the armature circuit was made use of in the -

starters shown in Fig, 12. _ A

Whenever a starter is equipped with some means for varying the speed of -
the motor to which it is connected, ‘it can then be truly called a contrq_ller.

¢ N . '

1
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 If the zifrmature resistances in Fig. 12 are arranged to be varied when ' 6 |
the ‘motor ig on load then these become controllers usiagrthe armature o

resistance principle. - - N

An example is shown in Figﬂ 15 (page 17) of a motor controller using
~a fleld rheostat for speed control of a compuund-wound motor, )

Controllers which use the principle of variation of armature circuit -
voltage require two separate d-c supplies for-the:controlled motor: one of - '
. fixed voltage for the shunt field and one for varying voltage for the armature.
-« This method can of course only. be applied to shunt or compound -wound motors,

¢ ‘ The arrangement is shown in'Fig. 16 and is known as the Ward Leonard
* system. ' v : ' :

A constant-speed a-c motor is used to drive a d-c generator and an
exciter. The,exciter supplies constant ¥oltage d-c to the shunt fields of the
generator and the controlled t/o/r.\léxriation of the shunt field current to

~ the generator by means of a“field rheostat will result i variation of the
generator output armature current and hence the speed\of the controlled
“motor.. ‘ :

‘ The "advantage of this system is-that it gives speed cont ol over a
very wide range with a virtually infinite number of steps. Th¥ gives th
control required for such motor applications as passenger elev

, baper mills, etc. '

: | e
, V.Rheosfaf for Speed A&:Efmenf\ ' " Exciter

- _ : A-C Motor- B

.Shoﬂ to
to’ v

Mechanical -~

Driven Motor

A-C Power Supply ‘

po® ' “
WARD LEONARD

g |  METHOD OF CONTROL -
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'POWER LOSSES IN D-C MACHMES

. The losses occurring in d-¢ machines are classified as rotational losses
and electrical losses, and can be listed as: ‘ T ' s

1, Friction losses - - - | ‘ g W
due to bearing friction, brush friction and windage (wind
friction). - \ o ‘

2. Iron losses -
these occur in the magnetic cjircuit due to eddy-currents
and to hysteresis. . '

3. Copper losses - _ ‘
due to the resistance of armature and field windings. .They

_ represent electrical power (IZ,R) turned into heat, '

— .
The efficiency of any machine is given by,

Cffinianey < Jutput
L(flcmn(,y; Input
] :
In the case of a genergtor the output will be the electrical power sent but
while the input will be the me chanical power used in driving the machine. In

. the case of a motor the reverse is true, output is mechanical power, input is

clectrical supply.

“In cither casé the output will be the: input less the losses, or

4

Input - Losses .
Input

Efficiency =

.This indicate@\at' there are two possibl(} ways in which the efficiency
of a machine may be found. By measurement of the total input and-the total
output, or by talculation of losses. ' :

When finding the efficiency of a motor, the first method would require a
dynumometer to measure the output mechanical power or in the ease of a
generator, a calibrated 'motor to measure the mechanical input. These tests
are diftigult to carry out, particularly on large machines, so the second or
loss method is generally used.  Furthermore the loss method is more likely
to be aceurate. The total losses will only amount Lo 5 or 10% of’ne output

hence an error here will have.proportionately less effect than if made in-the -

measurement of total power,

. . N ; . M L]
These losses can be caleulated after resistance measurement has.been

made and the friction and iron losses determined by test,

The following cxample'shows the application to a generator efficicney
calculation. o , Co :

(PE2-5-2-21)
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Example 3 . ’ ' ’ ' ) o (
Ashunt generator has the following par?iculars at full-load rating: output o

10 kilowatts, volts 230, armature circuit esistagge - 0.4 ohms, field circuit

resistance 192 ohms, friction and iron logses combined 750 watts. Calculate

the getterator efficiency at this load. . | } ,
‘ Solution ' _
’ ' Generator-Efficiency = Qutput
Input
' _ Output = Input - Losses
The losses will consist of.Copper loss + lron loss + Friction loss ,
and the Copper loss = Armature I°R + Field Circuit lzR
o .. 10,000 watts
Generator Output Current 230 volts : ;.
. : ’ ' = 43.5 amperes
e ld Cireuit Cupping o 230_VORS |
Field Circuit Current = 192 ohms . | . \
= 1.2 amperes
’ Armature Current = 43,5+ 1.2
= 44,7 amperes
Armature I°R°~ = 44.7°x 0.4 (’
s . ©oo= 798 watts - ' _ ¢
\ 'Field Circuit 1°R = 1.22x 192 | )
' N - = 206.5 | N |
¢ - N
. Total Copper loss = TY8 + 276.5

1074. 5 watts
1074 o+ 750
1824.5 watts

4

’I’otx'nl losses at full load

i

VA

o 10,000 watts
Generator Efficiency = 10»800(1";';24

!

0, 846
4.3 (Ans.)

- : : :

The efficiency of a d-¢ motor may be calculated in exactly the same way from
measurement of the gircuit resistances together with a test to find the rotational
losses. (The motor is run at rated speedibut no load and the measured input will

/ give th(, no-load rotational loss.) :

‘ :

I o
(PE2-5-2-22) - s
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|
{ It n’é important that the efficiency of d~c machines .should be high since the
} -losses in the machine will be transformed into heat, and if large, would result .
LN - in excessive temperature rige, The specified allowable temperature riscs in
’ accordance with N,E. M, A, standard are:
. 40° C rise for a machine with Class A insu)ation, maximum

. - " allowahle total temperature of 105° C. ;

S 709 C rise allowed for a machine with Class B insulation, maximum
' / allowable total temperature of 1300 C,

e ) Class A insulation consists of cotton, silk, paper or other organic materials
" impregnated with insulating'vagnish. Class A is considered standard insulation
and will withstdnd the conditions found in the majority of applications.'

Ratings of Generators and Motors \“

i 4 Generator ratings are quoted in kW=output at a given speed and voltage; ’ .
motors .are quated on power-output at certain speeds and supply voltages. The
- machines are designed so that the temperature rise will not exceed the allow—
ahle maximum when run at these rated loads.

Machine ‘ratings arc sometimes given ow an intermittent basis (instead of a '
continuous rating) and in this case the machine design will be smaller. Reliance |
is placed upon the cooling which will take place during the off-load periods to
keep the temperature rise within the allowable limits.

Conversion Machines

i o It is frequently necessary to change the available elect‘;"icity supply cither

K : from alternating current to direct current or vice versa to suit one particular .
( , picce of ma(,hm(,ry Or it may be required to change a d-c supply voltage or to

| chang,c an a-c¢ frequency oF even the number of phascs in the supply.

Ma(hm(,s which are uscd for this purposc are either convertors or r‘bbtlflbl‘s.

1
| : R()Llry convertors (also (allvd synchronous convertors), and M G. (motor-
' penerators) sets change alternating current to direct eyrrent. Frequency convert-
- . Tors change a-c supply at one frequency to a-c supply at another frequency. Phase
l ’ “convertors change a single-phase sx‘btcm.supply into polyphase {two or three phase).

: ,
| ~~ Rectifiers.are used to change alternating current to direet current, For small
' amounts of powery, copper oxide or selenium is used, for large amounts of power,
' Smoercury arc or silicon re setifierSare used. The commutator and brushes on the
armatwre of a d-¢ machine are in themselves a form of mechanical rectifier since

the current generated in the armature wmdmg‘ls alternating.

~
When the supply mlm;;( of a d-¢ system musl be changed to a lower or higher

vidue, a dynamotor is often used. This is a rotating machine, essentially a d-¢
‘motor bul carrying on its armature separate windings, led to a separate commu-
tator which form a generator. ‘Rhese windings are arranged to give the required
new output voltage  ‘The one machine acts as a motor, taking power at the voltage
of the supply system and as a generator, supplying thc same amount of power (less .
the Josses) at thu required new voltage, '

a

The remainder of these machines will be described in subsc quvnt lectures on [
clectreal vqmpmont , |
L- ' ~ : . (PE2-5-2-23) -
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QUESTION SHEET I . | :
o S8econd Class ' .

POWER ENGINEERING Sect. 5, Loct "2
1 (a) Explain why it is desirable to have d-c generator brushes

6.

10,

A ~

located at neutral points, : .
(b) What is the purposc, on a generator thhout mtcrpoles in o {
- shifting the brushes as the load changes ? ‘ '

4

- (a) Sketeh the arrangement ofy Lh(, followﬁmg d -C generatoryd; - series
wound, shunt wound, compound wound.
(h) Give Lhc operating charactcrlstlcs of Lh(, above gcnerator types.
_ (¢) Discuss the advantages of the separately-excited generator over
the sclf-excited type. .

(a). When ¢-c¢ generators are to operate in parallel, why is it desir-
able that they have drooping characteristics ?

(b) Explain the purposce of an cqualizing connection used with two
compound generators Op(,rdtmg in parallel.

Discuss the operating characteristics of the series, shunt and
compound motors, -

~.

Describe briefly the prinéiplc of operation of three different types
of automatic starters for d-¢ motors.

-

(a) -Describe the general methods used for controlling the speed of
shunt, series and compound motors,

(b) Sketch and desceribe the arrangement of the Ward- Leonard speed
control system 1

(@) Describe the most aceurate method of determining the efficiency
of a d-c¢ generator,
(b) A shunt generator, when supplying full load, requires 130 kW to
‘ dnvo it. Voltage (l(,vclopul is 110 volts. Friction and iron losses
4476 watts, armature copper loss equals 3500 watts. Field circuit
resistance cquals 10 ohms. Calculate. the output and the percent
cfficiency. of-this machine. ' .

What arc the purposes of the folowing machines: motor generatorsets,
dynamotors, rectifiers, phase convertors, frequency convertors?

. ’ . L]
~ Desceribe the general construction of a d-c¢ generator,

The efficieney of 7.6 kW shunt-wound d-¢ motor is 90Y% and supp
voltage is 220 volts. Resistance of shunt is 50 ohms and armature
registance is 0.2 ohms. Calculate the supply curréit and the value of
the starter resistance if starting current through the armature mugt
hot exceed 1} times the running current through the armature.

(PE2-5-2-Q)
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Correspondence Courses
Power Engineering R B
P SECTION _
o ' ‘ o Second Class
ELECTRICITY » ‘ : A Lecture 4
R Lect o~
*
. . ,I' )
AL'I'ERNA'[‘[N_G—CURREN'I‘ GENERATORS N .
, .
The basic theory of generation as outlined in the first lecture of this ' .
section, showed that all generators, whether alternating or direct current,
produced alternating cuprent in the first place; the d>~¢ machine must
then use a ¢ommutator in order to rectify to direct current.,
It was further pointed out that E would be generated if a conductor was
cut by magnetic lines of force regardless of whether the conductor or the
R field was the one in motion. ' . '
| ( . ~With this ip mind it can be sei:)n that a-c generators can be constructed
' cither to have the field .stationary‘or rotating. ' :

In the great majority of cases the field will rotate, the reason being
that the rotating member must be supplied through slip-rings and brushes.
It is much more practical to supply a small quantity of low-voltage d-c
power to the field coils :than to collect large quantities of high-voltage .
alternating current, ' .

There are two distinct types of a-¢ generator field structures: the
salicng\pole type and the cylindrical type. Slow-speed generators such as
those driven by diesel engines or water turbines have rotors with projec

ing, or salient, ficld poles. Steam and gas turbine—-driven alternators
will have cylindrical-type rotors. :

Fig. 1 shows a multi-pole, 240 rev/min, \z140 kW, 60-hertz Allis-
Chalmers generator. _

v Fig. 2 shows atwo-pole, 100 MW, 3000 rev/min, 50~hértz machine.

1] '

The relation between ma'hine speed, number of 'poles, and frequency,
as given previously is

Ny ’

. P | . | “
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B
o }l-'ig. 12 shows the gas paths ina G.E,C. (lil.‘c.Ct"C()Olcd alternator.
' . Coe
“T'his method of cooling has only become feasible with the advet of ‘hydrogen -
' . 3 ¢ .
cooling heeause of its extreme cleanliness In.comparison with air. <

a

. o : . !\'l'\_’
Liyuid-cooled Alternators ' % |
Direct cooling of the conductors in the stator windings of alternators in reeent Y (

designs has been carried out by circulation of liquid through hollow conductors. * gEIny
The advantages to he gained through more effective cooling of the stator windings o
are increased current densities in the stator copper, and consequent reduction in
overall mass-of the machine for any given output g o NS
Thegiquid chosen as most suitable for this method of cooling wag water. . Thex; -
penerators being installed in Lakeview Power Station employ witer cooling in'the _
- stator windings.  Stainless steel manifolds carry the cooling~water supply to and - S
from the ends of the hollow copper conductors. Plastic insulating hoses are used Cen
for the connections. ' ' >

Y
.

Water of high purity is uscd to ensure low eleetrical conduetivity and so mini--. Pt e
mize the losses due to leakage current flow; howcever, it has heen estimated that o
it would be quite possible to use most ordinary tap waters (aside from the problem
of scale). o : T S

Fig. 13 shows a sectional sketch of a hydrogen-cooled generator with water -
cooled stator. )

. . .

. . '
.
AT
. N - v

Alternator Windings ' "

LY

The type of winding most_generally used in alternator stators is very similar
Lo the d-¢ "'lap winding". The coils upon the d-¢ armature were joined at the com.-.
mutator; in the oase of the altegnator stator the coil ends are simply. connected
cxt.s;;null}f in the correct sequence. '

Fhree separate windings: are formed, spaced 120 clectrical degrees apart.and
nds of these windings connected in star (or wye) arrangement. This allows the
Utral point to be brought olt for grounding, -

, o ’ .
The rotor is sypplicd with direct current at a low véltage (110 to 220 volls)
through twor slip-pings and brushes. . In a salient-pole type each pole has an ex-
citing winding. An the eylindrical -rotor type the winding is made concentric
around the two for four) poles. D-c supply is taken from a small d-¢ generator, -
the exciterdof which may be driven from the main machine shaft or separately.

'

'
|
1
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The tmount of dny gcncmtcd ) depcndb upon the rate ut which lim,s of
force are cut :

10 hnvs cut per sceond or | wcl)ex/bccond pr oduccs L volt; see thc fnat
lecture of this section. L o

For any given gcncratcﬁr then, its terminal voltage will depend upon the.
number of conductors, generator speed, and the ﬁclg strength, The machine
Sspeed and thc number of conductors will be fixed so that the emf becomes depen =
dent upon the field excitation ahd this can l)o controlled at the exciter by le‘ldll(m
of the field rheostat, -

(%)

Alternator Regulation . S .

Loading an alternator will affect its terniinal V()lldgc, as was the case \nth
the d~-c generator but now the amount of voltage variation will depend upon the )
type of load applied, o

If the load consjsts of pure resistance items such as fighting and hcdtmg»
units, then the pf will be unity and the terminal voltage drop will be about 1% to
109, bet\\(,en no-loatl and full load. 4

A lagging pf load such as induction motors, Vﬂuorescent lighting, electric
welders, ete. will cause the alternator termmal voltage to drop as mu(:h as 25%
to 50% between no-load and full-load, . : . " o

. ] 'E . A
¢ Leading pf loads howev,er, will tend to Taise the alternator volfage. ,

The amount that the terminal voltage will change between no-load and full-load
will depend, as previously stated, upon the character and the amount of load ap-
plied.

- The percentage regulation formula used in the study of d-c generators, ap-
plied equally well to a-c generators, that is,

(No‘-Lroad Voltage - Full-Load Voltage) U

. b P > ats -
Per cent regulation Full-Load Voltage x 100

Wh-ere full-load voltage'is the rated voltage at full-load and the no-load
voltage is the voltage obtained after rejection of full-]load at rated voltage.

The rcgulahon which is to be expected from an alternator will be gater
- than that of a d-c machine due to the reactance effect of the stator windings and
particularly so in the case of low laggmg power factor loads.

- This condition is made worse where the alternator is supplying load through '
a long transmission line, complete with reactors and transformers, so that
voltage at the load terminals will vary greatly with load changes.

\{

(PE 2:5-4-16)
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" inoreased beyond the amount requir® to give normal terminal voltage for

¢

R )

p 1

v

R - 17-."-~

l,argc volt.lge varnatlons are riot acccptablc to consumers of clcctriclty.
‘and particularly not to industrial consumers and so a quick acting and positive "
control of alternator terminal voltage is essential. This need i$ filled by the
Automatlc Xoltagc Regulator " _ ,

N

Voltage Regulatprs '

A genérator voltage regulator is a device that causes the gxcntatlon of
.- the generator to be automatically“raised or lowered in order that the output
voltage can be maintained within predetermmed limits. It must be able to
detect a change in voltage rcspond to make the necessary correction in
field exc:tatnon and stabnlxze agamst hunting. -

Ge erator voltage regulators are classxfxed by thelr means of Operatxon

Direct actn'heostatnc regulators adjust the field strength of a

'g'enerator directly, without any intermediary@pparatus. They give quick

response and close regulatlon Oné well known example of this type is the
Westmghouse "Silverstat', _ . :

. Indirect actmg rheostatic regulators use auxiliary apparatus to control ..
the movements of a motor-operated rheostat in the generator field-gircuit. '
'I‘hls type is used in large installations. ,
Static regulators have no moving parts, and utiljge a magnetic ampli- ' |
fier in-conjunction with an amplidyne to provide-the necessary regulation.

e y

L

Alternator Power Factor

The power factor of the sy6tem supplied by the generators will be
determined by the characteristics of the load connected. In the case of one
alternator only supplying the load, its power factor will also be that of the

load

. 4 .
' Where two or more alternators supply a system (by far the more common
case) the pf of each can be controlled individually by alteration of its excit-
ationo : .

If the excitation of a generator operating in parallel with others is

the load condition, its pf will change in the lagging direction. Its current o
output increases also without appreciable change in kW load output. .

_Conversely if the generator is under—excitedkits pf becomes leading and
the current output again increases without change in kW output.

Control of alternator pf is usually carried out by hahd operation of a _‘
trimming resistance in the voltage regulatqr circuit, '-

’ .

(PE2-5-4-17)
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Parallel Operation of Alfernators

°

Synchronizing ' A

'Alternating‘-curl;ent power systems generally consist of several gencrat-
ing machines connected ingparallel to commion bus bars which supply the system
load. Moreover it is' common to have interconnection between local systems
through transmission lines. This demands that ny gencrator which is to be
switched in to:the system must fulx:ill the synchrionizing conditiq;s.

’

These are as follows: .

1. The alternator terminal voltage must equal that of the system.
2. The alicrnator.frcqucncy must approag¢h that of the system within
close limits, ' : ' ‘

+ 3. Phase rotations of alternator and systecm must be the same. That is, if
the system bus bars are designated Red, White and Blue and the maximum of
the voltage waves of these three phases occur in the sequence Red, White, Blue,
then the incoming machine (which is to ke connected Red to Red, Blue to Blue,
etc!) must also have voltage maximums occurring in the phase sequende Red,
White, Blue. , - . ‘

~ . _ ' . '
4, The alternator voltage must be in correct phase relationshipi’with the
system, that is, both will reach maximum at the same instant. .

’ ;
. The process of synchronizing may be illustrated by the followi/\g diagrams
of themcﬁmmg machine and the system voltage waves, shown on ig. 14.

The series o;f ope_rations required to bring about the above cg¢nditions and
to close the switch are known as Synchronizing. '

I3
'
¢

Taking each in turn: ° - . | " /:

Condition 1 is fulfilled by adjus g the alternator-field rl,{eostat, after.
running the machine up to approxirfately full speed, until the terminal voltage
matches the system voltage. Implicit in this condition is algo a demand that the
shape of the incoming machine voltage wave will correspond closely with that
of the system. ‘

For Condition 2, the alternator frequency is controlled by adjusting the
speed of the prime mover. In most cdases this means control of steam supply to
the turbine. . . : ' :

Conditjon 3 can be checked by lamps or a phase rotation meter. This
condition can only be altered by disconnection so that once the phase rotation
of a generator is proved correct with relation to.the system it will not be
necessary {o repeat the dest. Normal switching on and off load is carried out °

without chapging the generator phase rotation. . ,
Y : '.,'\'
| S B
_(PE2~5-T-18) _ ‘ "f
o ¢ \ s
‘_\ ¢ / . 64 5 ‘
) B | An




‘ -
11- PS TAKEN TO SYNCHRONIZE AN INCOMING A-C GENERATOR -

(- ZOTHESUPPLY SWTEM . . Fig. 14

(a) Existing system voltag(,'
g : wave. (One phase only
R | shown.)

1

Machine voltage wave shown |
dotted. . Out’ of phase and ‘ |
frequency. Being built up

to equal the system max,
volts by adjustment of field k
rheostat.

Machjne voltage now equal to -
systefn. Voltage waves out of
phasegbut frequenay being
incregsed by inc;gdsmg speed
of prilne mover.

(d) Machine voltage now equal to
. system, in phase and with :
equal‘frequency. |, -
B | : .. e Synchroscope shows 12 o'clock. - )
\Q : : C Switch can now be closed.

(PE 2-5-4-1Y)
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i

Fig. 15 shows one method of phasing out polyphase alternators. If the . -
phase rotation i8 correct on the incoming alternator the lights will all be” S (
dark o® light simultaneously, If the phase rotation is wrong the lights will

"never all be liEht\o\r dark at the same time, :

_ The phase rotation may also be checked with a small polyphaée
induction motor, conneeted alternately to the system and the incoming
machine, as shown in Fig. 16. If the direction of rotation of the moter is

the same for both incoming. alternator and system, then the phase rotation

is the same. . N

_ . T . :
L _ BUS \\L BU

U

~ TO ALTERNATOR TO ALTERNATOR
Fig, 15 C Fig. 16

¢  Finally, Condition 4. The phase relationship of incoming machine
and system requires the use of a synchronizing device such as an indicator;
this may be in the form of a bank of lamps or a synchroscope. Modern

large machines will always use the latter because indicatién by lamps is not
accurate enough. | . -

. . - If lamps are used for synchron - o |
| L BUS . izing they will be connected as in Fig. 17, = ‘

- Assuming that phase rotation has.
been checked and is cbrrect and that the
machine is at full-volts and close to
,  synchronizing speed, the remaining . s
/ small difference in frequency between
v incoming machine and system will
cause varying displacement between
the two sets of voltages.

If lamp indication is being
used on all three phases, all lamps

7O ATERNATOR will become bright and dark to-
Fig, 17 ) . _ gether,

(PE2-6-4-20)
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Lo ( As tho voltages of alternator and system become more nedrly-in step, " the -
' Alickering becomes slower, The main switch may be elosed when all lamps are

dark, Itis always good practice to close the switch at a time when the incom-
. ing mdchine speed is inereasing, the result being thag this machine will tend to
| . pick up a little load and will be more stable in operiation, :

b, : The synchroscope ‘gives & much clearer piclure of the phase relation- :
{" ' ship between the two voltiges of incoming machine and system. Rotation of -,
- the indicating pointer in the direction marked FAST shows the incoming machine
requency to be faster than the system and viee veesa. If the frequency of the
incoming machine is equal to the system frequency the pointer will not rcevolve,

B : Its position relative to 12 o'clock will indjcate the angle of phase displace-
ment between incoming machine and system in clectrical degrecs. The incom-
ing miachine should be paralleled at the instant the synchroscope pointer passes
J the zero (12 o'clocek) position while revolving slowly in the "fast"direction

. Once paralleled the pointer ‘will no longer revolve; to prevent over-
heating of its coils the synchroscope should be switched off when not in-use,

\ opcrates by the interaction of magnetic ficlds from two -

circuits, on®t co ed to the alternator and one to the system, upon a soft

, iron vanc or dis@Mh the pointer attached. s

| ’ - .

- N Many modern alternators are fitted with automatic synchronizing equip- .
g mend.  the basic operating principle being that agrcement between coils

' '<° ’ suppliced from alternator and system produces sufficient field strength to

- ; .. operate a switch-closing relay. ]

[ : .

! : 3

- Load Sharing

1

gL ) _» Control of the load on an alternator is carrie(;‘out through the. prime
‘mover. Increased power: supply to the prime mover will result in an increasc
in the load carried by, the alte®tor and vicewersa. '

In the case of a’turbo-alternator, this load control is carried out by
governor adjustment. Section. 3 included illustrations and descriptions of ~° .
various types of governors, and the function of a gpeed changer (or speeder '
gear) was described. This is the means by which the clectrical load is set.

! On small machines the setting will he done locally by hand and on larger

. machines by a small motor operated‘,’rcmotgly, possibly from some central
,‘ control point. v R *

: ? - ' , v

; . _ The reason for increased pxgime—mover"pbw"er,-resulting in increased

. loading.is the fact that all alternators operating in parallel on a system arc
°  tied absolutely to“the electrical speed of the system. They are locked in
~rotational synchronism as if they were all mechanically geared to a common
load, but the engine with the greptest fuel input will do the most work.
_ ’ Py .

. il i
, Generators which have a drdoping speed-load charactertstic will operate
: in parallel with good stability for the same reasons as d-c generators with _
(' drooping voltage-load characteristics of pumps with drooping pressure-output -
characteristics. S ' .

N\ S

. (PE2-5-4-21)
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Power Factor Control : : ' o '
- A : _ .
: When two alternators are runni'r'ig in parallel a transfer of load between (
! ~them will result in a voltage differential. -The alternator with the reduced kilo- T
watt loading has its internal voltage increased because of the lessened voltage o
slrops within its stator windings. Hence the machine is said to be over-excited .

for the new value of load. The alternator with the increased kW loading has its -
internal vbltage decreased because of the increased voltage drops in the stator.
Hence this machine is safd to be under-excited for the new value of load,

Il the pf of theShstem is unity, this voltage differential will cause reactive
cross-current betwden the machines If the system pf is lagglng, however, the.
effect 15 to causcgd disproportionate division of reactive power between the alter-
nators  The over-cexcited machinéwill supply more "Vars" (reactive volt- amps)
than the under-excited machine. A p eter would show lagging on thc over-, -, .
excited machine and lca(hng on the under=exeited madnne ' ' : :

lh( balancing of "Vars" bct\w ¢n the machi‘hcs must het ac,unnpln:.hcd by .
adjusting the field excitation of cach machine.,
‘Phe field rheostat of the under-excited machine should be‘termed in the
raise voltage' direction and that of the over-excited machine in the "lower
_volhgo“ dircetion until the kVA meter indication or thc pf metor indication
is the same on cach machine. :
w ' i I
Alterpator Rating and Efficiency -

The voltage at the terminals of, an alternator is affected considerably by - - ( '
the pf of the load it is supplying. IFor this reason the.tated voltage, stited on . ¢
the nameplate is always given for rated kVA at a specifie pf and field cuwrent. -
The (wcra;,c—sy:.tvm load includes induc m)n, Tesgistance and some ap;m[—
N itance and will commonly be between unity and 0.4 ll;vgmg Altern: wtors for
general service will therefore usually have the tcrmm.nl voltngc for rated kV AT "
, Coat 0.8 pf l.lggmg st.unpcd upon the nameplate, ’ ' ’*

The shor (- circuit ratio is often included in thc nameplate data; this gives. |
. an-indication of the design of the machine with regard to the quantity of copper .
andaron in the electrical and magnetic parts.. 'I‘hc machlnc with high short-~ '
circuit ratio will contain more materials.

Rl g

Short-circuit ratio is defined as the ratio of the field current required to
produce rated voltage at rated speed and no-lgad to the field current required to
circulate rated stator current when operating atrated speed under sustained
short-circuit conditions. The normal. lfl[.,UlO quoted for.a turby-alterpator is ' .
between 0.8 and 1,0, - ' '
e « - The affect of high short- ¢ircuit ratio in the design of an altcrnalor gives it

lmprovvd\qtablllty at times of load chapges,

¥ Alghenator cfficiency is d('p(‘nd('nl. upon the losses$ in the machine. Not all “

of the power input to-a gencrator does useful work, Some of the energy input is i

lost ag friction, windage, I12R losses in the stator and field windings, and hys- " : _

teresis and eddy current losses in the iron of the stator and rotor field circuits, E L.

The officiency of an alternator upcrating at 0.8 l)agg.,mg pf could be expected to

reach 98%. ‘ (

(PE2-5-4-22).
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. f o : QUESTION SHEET .
3 N - anggpd Class '
l’()Wl' Rk N(;lNl ERING ' o ' © Sect, 5, Lect, 4
1. (1) Whyisit usual to havé gn alu,rnutor field rotating’ ‘ :
(b) Nume two types of fielc construcuon and explain where each type , ,
would be used, v
2, (a) How many hertz are generated in one revolution of a 24 ~pole
* alternator ?
(b) How many r¢v/min must this altprnator make to generate a
fr('quency of 60 hertz ?
(c) What niust be the speed of a four-pole 25 hcrta altunator?
3. Describe the rotor and the stator construction of a large modern .
' alternator,
. " ¢ 5 ’
4 (@) l)v%rnbu the enclosed air sybtcm of alternator wollng
(h) List the advantages of this system. "N
(¢) What is the purpose of the cmergency air inlet and outlet doors ? e
5. (a)» Sketceh and deser ibe a hydrogen system of altcrnator cooling. v
*Include in the sketch gas coolers, pumps, water coolers, cte, e
(hy List thd advantages of this system, '
(¢) Describe the method of charging and the method of purging the
hydrogen to and from the alternator. Why are these methods
necessary : .
¢d)  Describe some other m(,th()d of alternator u)ollng S ' .
: A
6. (a) The terminal voltage of an alternatag will depend upon what items ? '.\'v,
(b) In the normal operstion of thc alternator, which of these items will ' it
he var ldl)l(' ?
7. (a) Find the regulation nf an altunator which has a full-load V()ltdg
‘ of 2400 volts and a no-load voltage of 3240 volts,
(b)  Will powér fauox have any cffect up : alternator regulation
Fxplain.
. (¢) What is the,purpose of a voltage rdgulator and how does it fulfill
this function ' :
S ® o
8. (a) List the conditions which must be satisflcd before ¢onnecting an
alternator in parallel with other alternators,
(b) Explain the various means by which these conditions arc¢ satisfied. '
(¢)  How often must the phase rotationof an alternator beichecked ?
9. (3) How are load adjustments carried out in Lhe case of -alternators )
operating in paralled ?
(b) How does this differ from the method of load adJustment used with ~
d-c generators in parallel ? % w -
(c) How may thé pf of an alternator; operating in parallel with othor -
alternators, be changed ? Lleain. ’
10. (a) Define "short circuit ratio" in regard to alternabors. ' ’ R
: (b) List the losses that may occur within 'an alternator. . N
(¢) Will these losscs be the same. at all power factors.?” Explain,
. ' ' (PE2-6- ~4)
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High-pressure cylinder Intermediate-pressure  Double-flow low-pressure ' Main alternator House alternator Exciters
. cylinder . eylinder .
. | :
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1 2 |
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: | vclocnihcompounded and T8 impulse stages. Each half. 7 impulse stupes 100 000 kW ) ‘ 5000 kW, Main, 225 kW. '
16 impulse stages. Diatheter ovet hlading: . and duplex exhaust, H1TTKVA, 6 250 kVA, Mouse_lss kW,
Dismeter over blading: . maximum, 2229 mm; Qmmc(cr aver blading J-phase; 50 hertr . J-phase; 50 hertz Service, 10 kW.
-maximum, 1017 mm; minimum, 1427 mm. . maximum, 2743 mm; 11 000 volts, 3 300 volts: *
minimum, 978 mm, . - S minimum, 1905 mm, - . ‘ .
Steam conditions: 4100 kPa, 450°C Back pressure 3 kPa, - ' -

I'tve stages of foed heating to 1700, Speed of rot-a'th\h(¥900 rcv/m;‘n\}

' TURBO-ALTERNATOR , e
2 ‘ o .
00 I \ ‘o . b2 " BEST COPY AVAILABLE ‘ K.
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© A-c generators are usually referred to gs alternators.  Unlike d3¢ génerators

( they must be driven at very definite constant speed, the reason being (as shown
ahove) that only at this speed will the ft’cquvn(,y of the supply p;cno rated be exactly

\.
.

right.
¢ v , , .
' Where one alternator only is supplying a circuit load, the frequency of that
circuit or system will depend entirely upon that altefnator speed.  If however, . '
' there are a number of alternators rufiing in parallel to supply the system, the .
speed of each machine will be locked into the system frequency and will not be
able to vary unless all machines vary together.

: Again, if an additional alternfitor is to be switched into the system supply it
! ~must be vun up to an exagt speed first to corr capon(l with the others. This'is
termed the Synchronous speed.

For a 6U-hertz freqiency system a two-pole maching has a synchronous speced _
. ‘ of 3600 rev/min; a four=pole machine, 1800 rev/min; twelve-pole, 600 rev/min, il
ete. . : . L '

Jheccommon types of prime movers used to drive alternators are steam
. " tuvbhihes, pas turbines, steam and diesel engines.  The types of alternator employ -
\ . ed will be chosen to mateh the'prime mover, and both will be influenced Hy the
required output, voltage, ete.

‘The alternator illusgrated in Fig. 3 is a inulti-pole engine~type generator’

typical for use at speeds below 500 rev/min.  The machine shown has 28 ficld

( poles on the revolving rotor and will run at 257 rev/min to generate 60 hertz,
' 'l'ypic:ll output will l)c.up to 5000 kVA.

The stator consists of a magnetie steel covey, built up in [®minated sheets T
The wmclm;,r is placed in slots in the cor ¢ in the same manner as the armature P
winding of the d-¢ generator. The rotor carries the ficld windings, supplied
through brush g qar and slip-rings. '

Fig." 4 shows a half-scctional cl(-v.m(m of a two-pole, 3600 wv/mm alternator,
«turbinc driven, . '

Alterpators for hydro=electric or diesel engiite gencrating stations ave of the
slow-speed multi-pole type; in most cases the hydro-statton type avill have the
alternator shaft disposed vertically. Those for steam or gas turbine drive ave

&

atwavs of the howizontal, (\lll1(|r‘l(‘:ll rotor-type shown in Fig. 2. . s ' e
\ .. / o
. Standard frequency on the North Amervican (‘nntln( nt is 60 hertz ({'.!m ‘ope o
50 hertz) and alternators normally run at 3600 rev/min when two-pole, and 4 _

" 1800 rev/min when four-pole.  The kodern turbo-alternator is almost without
exception of two-pole design. The li:\)h\r\opcrming speed with the four-pole
~machine is not gv’nomlly favourable to a high-pressure turbine design and t
unit as a wholg is bulkier md mqre expensive than a two-pole machine of similar
r.ltmg

.

Modern (I(‘vvlopmvnt has therefore been (‘()nccnlx‘ztt('(l on the two~polv - -
NS . .- gener lt()r design, - : . _
\ ‘(. .

. (PE2-5~4-3) ,
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STATOR and ROTOR ASSEMBLIES for o

o

LARGE ENGINE-TYPE SYNCHRONOUS GENER

ATQR

» - Fig3
\
) lq N [Ty R I B 5 'l. (24 " ]
e LT T |
- /(] )
. & i)
Lo 1
. AT T I
[ s P T
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\. ‘ {1) Altornator Basaplate. (12) Oil Vont l‘ipo.
s (2) Altomator Contre Bearing, - (13) Outboard Floxiblo Boaring.
{3) Rotor. End.flange. (14) Oil Throwar and Oil Guard. "
(4) Fan, . (18) Slip Ringa.
(5) Air Shinld. (18) Excitor Floxible Coupling,
o (6) End Shield. (17) Main Excitor,
(7) Winding Coveor. (18) Horvice Excitor.
(8) Rotor Retaining Ring. (19) Excitor Qutboard Hoaring.
(0) Rotor Bupport Plate. (20) Altornator Podestal Baso,
s - (10) Rotor Cono Plate, - (21) Infulating Shim. -
_ (11) Air Bafe (8pring Typo). P S
T -ALTERNATOR ond EXCITER
~HALF-SECTIONAL ELEVATION- '
Eig.4. ‘
! . ot
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Rot gy is.‘m fact, quite i‘mmmn for @ customer to call for & machine on the test ' .
to be bubj(,cted to a Budden three-phase short Eircuit at its terminals while ' -
s ning on open circuit at normal voltage and frequency.
VA & ' ) )
‘"‘l Stator winding insulation is generally micanite although a number of different
hng materials are in use.
¢nst : . C L _
¢The general trend in modern design is to ever-increasing output from an
/idual machine. In all cases a 8ingle machine will cost less than two smaller
PilBhines giving the same total output, both in gonstruction and in running costs,
I PG Qegpite the more expensive raw materials required and the increasing com-
ity of design, strenuous effprts are being made-to increase the size of alter- ¢
Cihe 18 The:main limitation on the output which can be obtained from any given e
the W_alternator frame is the amount of heat which can be dissipated from the . SN "

v without the tcmpcmtm‘c rise of the w1ndlngb cxceeding the permissible limits. |

Y
- -
-

cffective cooling must be carried out in the stator” wmdings 100, of course,
nce these are stationmy thc |)1 oblem is not 50 acutc. .

¢ output from the gcn(,r‘ltot is directly dependent updn the excitation power,
Coase in output demands increased excitation and thcrefore either greater -

on cach ¢, more efficient cooling methods .
end bells .

hody. and lc

. TR

TQR L()OLH\G T S
These _ o . o L e - "
the stray L_Lﬂgm L ' S ‘ . T

steel beca -
rst alternator designs used a straight through air cooling aystem "fans
Stator Desh the rotor shaft drew in atmospheric air ‘and discharged it after once
T rough the core and windings. The disadvantages were that the ventilating
The hered dust and gut and becam Lhokcd, and also that the firg hazard was = v
sheets andle. ' - . . L R '
in the inne ' '

c¢ore. and Wd :jbt(,m - o ‘ ' : .

il The Slt xt (losakgn en('losul the dltvrndlor aib sybt(,m so that the same jair re- .
4 ‘|’5 l"u“ ‘rough the windings after passing through.an air cooler. Most of these L
and-elamper separate vonnlatmg air fan; Fig. .b shows a typical arrangement. g

¢

intervals a . . . . e

, ‘*l’"t“w‘ l‘k{v'lnt wvs ar¢that the Wm(lmg . are kept very mueh cleaner, the fire .
¢ reduced since the guantity of oxygen inthe system ds limited, and the - :
i Stoyny ean tie kcpt guicter and cooler. . The,alternator design is made more S
from recheeauge the fan and air coolm can be located in the alternator foundation oo
h('mg <ho - . ' . R . o
phidse typ o S _
end wind 1ir-coolm cooling medium is cxrcul:mm, watu‘- care has to be tallen that .
must be b, occur at the tubes. Means are provided for{emergen(,y deeess-to at=, vo

E - support Yo qipin the event of lose, of coolmg water supp Voo S
o ()f Tault ¢, o ' , - _ K ) .
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. ’4.( Hydrogen Cooling ' ' . o
" The use of a closed cireuit system of alternator- ventilation and cooling sug-
gested the possibility of some other gas in place of air being used as the cooling
medium.  Air has the disadvantages of a poor thermal capacity, high density and’
the fact that it will syhport combustion. The gas which wag umvu‘sally chosen
in place of air for alte ptor cooling was hydrogen. : /
t
lly(lmgcn has outst:m(ling udvantagcs as a cooling megdium: it has a high heat
. Lranster cocllicient and will therefore absorb and reject héat rapidly; it has a high
| thermal conductivity and will transmit the heat rapidly. It has a low density and
. this requires-little power to force it through a fan and offers very little braking X .
effect (windage) to ‘the rotating parts of the alternator. " The specific-heat of hydro- .
-uen is high enouglhe to compensate for the low density so that it will carry of f .ﬂmut '
~  the same ‘lmount of heat as adr for a given quantity of gas. _ -
Compared diveetly with air, its specific heat is fourteen times as great, its '
e density is about one-fourteenth part. Its hgat transfer coefficient is about one and
one-half times that of air and its thermal onductivity° six times. »

7 The low density, gives wduw(l wm(lagc loss and this results in a dircet increase
in the alternator bﬂxﬁency of approximately 1‘/(,. ' : *

The higher thermal’ conductivity and greater heat transfer coefficient of hydro—
gen both reduccythe terperature gradient i an alternator, or conversely permit
( - a greategoutput to be obtained from the same framc. : Lot

‘The increasge in output obt: unul with hy(lrogcn cooling in place of Air cooling
v ©on any pi iwticular machine has been shown to be 20 to 30%, based on a hydrogen
pressure of 3.5 kPa. A further increasce in output may be_obtained by raising _
_the pressure of hy(lr()hcn in the alternator, cach 7 kPa increase above atmos-
__phere. giving .ll)otlt I',L,g Un:?rr ‘output. Experiments have been carried out with
pressures up to 170 kPa and alternators arc reguldrly operate(l up to 100 k Pa.

: . In addition to the above, the usc of hydrogen for coolmg br\ng,b the following
‘ ' advantages: r(;du&d maintenance because of the gas-tight and hence dirt and '
moisture-proof casing: ‘quicter operation due to the virtual elimination of windage
lossés; simplificd foundations since external fans and coolers are not mquircd.
' (Y .
’ The (lla.l(l_v lntkbu, are the added (‘()m[)llC‘ltl()nh of a gas control systcm and -
‘ shaft scaling devices, and the n(‘LUhHlLy for a as -tight dn(l explosion-safe c'u.mg

With regard to the risk of explosion whl(,ﬁ. is attendant upon the use of hydr
pen,. experience has shown that if ordinary precautions are taken there is no dahger.
Nevertheless, hydrogen-cooled alternators are enclosed in a casjng whieh is de-

- signed to w1thst‘md the high(,st pressuré which could‘occur in the event of an ex-

-

. ploslon. 0 S _ ; ' -

( . L e e (PE2-5-4-9)
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HyDROGEN-COOLED ALTERNATOR STATOR CASING
| DURING FABRICATION "Fig. 7
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ARRANGEMENT OF, HY DROGEN-CQGLED ALTERNATOR
- /.. Fig.8 /
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Aruitoxt provided by Eic

4 -

I order to avoid having an explosive mixture of dir and hydrogen in the stator.
at times of charging or purging, carbon dioxide is used as a buffer gas, that is,.
when replacing the air in the stator with hydrogen, carbon dioxide is used to expel
the air and then hydrogen in turn displaces the carbon dioxide, In the case of

purging the hydrogen from the stator prior to opening up for overhaul, repair, etc.,

COy is used to expel the hydrogen and then air to displace the COg. o '

- Hydrogen and air form an explosive mixture betwees the limits of 49 and 747
hydrogen in adr by volume. During normal running it is not difficult to maintain
the purity of the hydrogen in the stator at 957 or above.

«

The shafts must be scaled at the point where they pass through the stator
casing. Varipus types of shaft scals have heen designed and are in use.

Fig. 9 () and (b) illustrates a radial clearance and an axial clearance type.
Fig. 10 pives a detail of an axial clearance or thrust-ring type of seal.

3
L)

In cach case the basie idea is to prefent the hydrogen from escaping outwards
by I'Ming scal oil inwards. The present.day seals are extremely effective and
the quantity of oil requived to maintain tightness is.relatively small.  The oil is
supplied from the main machine lubricating oil system and is returned after passing
through a hydrogen detraining tank where the oil is delayed long enough to allow
any entrained hydrogen to be given off. !

CThe complete system of pipework and auxiligries for a hydrogen-cooled .
alternator of Messrs. C.A. Parsons design is given'in Fig. 11, '
The layout shows lubricating (seal) oil lines, carbon dioxide, hvdrogen,
distilled water (for hydrogen coolers) and river water (for distilled water coolers)

. L / . -
pipewerk. ‘ : ‘
The effectiveness of hydrogen cooling of alternators can be increased® by in-
creasing the hydrogen gas pressure in the stator as mentioned earlier. It can®
also be incveased by allowing the gas direct access to the copper conductors on

the rotor winding. This method is known as Direct Rotor Qooling and together.

with-increased gas pressure has been responsible for a major advance in the
design of turbo=alternators. The rotor winding design is arranged to allow cool- .
ing oas to flow in contact with the copper by the use of slotted, grooved or hollow '\\
conductors., - : . : : ‘

.'l'lu- eas flow paths vary with manufacturer's designs. In some cases y _
the gas enters at each end of the rotor and leaves at the centre; in others it flows s
[rom end to end. Still other designs allow the rgas to enter speeial rotor ventilation

slots and then escape radially through slotted conductors. - e \
. . y
/ £
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(b) AXial Clearance Type.
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Goal: - - S Performance lndlcators:.
. e .. ‘ . o . ‘ \

‘The apprentice will he able to -] . 1. "Describe control of power
describe the operation of ‘ ‘ factor. :
generators. = N _ _ o
' 2. Describe synohrgnizing.

| e - 3. Describe paralleling.
- . . .u> f ' I _6.J Deécribg loading..

5. Describe cooling.
SRS ' : R -6, -Describe safety.
. | ‘} Sy - o ~ | © 7. Describe protection, v

i S | " -~ 8, Describe maintenance.
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* Read the~goal‘and performance indicators to find what'is to be learned. from
" package, oy L . S , .

’.\

!

" # Read the vocabulary list to find new words that will b¢' used in package. 4}//&.

* Complete_the Job sheét,

* -Complete %Flfiasaessﬁent.

* Complete post-assessment.,
. |
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* Cooling - -

-# Enclosed air cooling
* Hydroéen coq%ing

* Liquidfpoolinsh‘ ;
* Paralleling )
* Power factoi ‘.

* dynchronizihg
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The operation of generators is a major responsibility of a steam piant: operator. ¥
_The mechanical ,energy produged by steam must be converted into electrical - :
" energy. Alt:hough erators .are not electricians, the!y ‘must unggr@&lyn)i tﬁe S
operational processet of generators. ' . & . ' e
> . ’ r B p T o
Operators , must. know how to -synchronize generators that are operatihx——%?' S
parallel,  They must understand”loading, cooling protection,* maintenance. a ‘
‘safety factors of .electrical generators, This package introduces the apprentice ©
to these concepts of operation: Further reading and practical experience will .
buiLd upon this foundat:ion knowledge. » o EEY

L, Lt

s




' Conbrolling t:he Power Fact:or

S

>

v-'

Lo&ding ' Co T PR
. Altqrnator load 1 onﬁrc}led by the prime mover:.“ When the prixhw E:.
is increased, dlternator 1oad1ng will ‘increase, Conwo:L oi t‘he .38
is nandled “by adjust:menth in the! governor of .the prim\ mover, %
‘i other types of- mechanisms'for ‘controlling. apaed‘a. - Whatever the 'tnet;hod for 1AL
rolling nthe pr-ime mover tpeed., i-t is the onLy means fox‘"adjuétﬁ.ngfthe 1oad on;;'.‘,w'.‘,
.an alternator. LR M VY ST '. St : ;

When two.or .more alt:ernatorg are hooked 1n paralle].. “the power fact:or muat be o
cantrolled. . This can ‘be’ acco}mplis'hed by, trimming the resistance in the: golt:i,i ey'
regylator circuit. - The ezxci;ation must be adjust:ed for each altqrnat.or &ﬂ i
parallel hookup. o "7 e : .

2 L

"anclhronizing

gy

eration of gomersl alternat:ora :l.n parallel requires t:hat; e @m:hta: be
synchronized with gach other. . Synchnonizat:ion requd.rea tbati p ge rql:or aing. -
'switched into a parallel system must have: . - . i
- 4
‘a terminal voltage equa® to t;hat of t:h’e syat;gm
a frequency clpse to that ‘of _Lhe systen- ;
the .same phase rotation as that'of the .gygtem %
_ the sanpg phase relat:ionahip as thé s#at S
The.. voltage ¢an be synchronized with the system.-by rmmihg, nhe ,machi‘ne L\m to !zhle L
voltage of the system.and setting the field rhéostagi - Altux”mtiob !‘rbqﬁenqy can’
be changed by adjusting the steam supply to the tuflﬂne- ., & phase ;or,ation meter
'will ' show if-the alternator is ‘but of; phase. ) Mpny cpf ’-"}h&, mgde.t‘n alt‘ernaaoi's
have automatic phasing equipment ’ o, R " d

Parallelin& | Lo '

Paralleling is the practice of hooking several génerat:ors"‘. i‘n parall.e’l ueiﬂg?"
common bus bars. ' This process is'also: called synchfonizing as: dd.scmsed j,n the
previéus paragraph.’ The alternators a;e ‘comnected as a parallel cirt:uit“-. which %
requires that each motor in the. circuit e synchmnued. '




-’l’h}e enclosad air ayatem m:ilize '1_.r to coc(l wat;er that fldwa t;hrough enclosed L
gl es., Mg recirgulaties . throdgh' the windings after it: passos through an . air .::.
i "cooler The atu' 45 kept cool by gcirtulnﬁing wager. tha :

"hoolin ,t:ubes. The‘a} same air ia used Wef and over. L

|s‘

'Hydrogen c,ode.ng is a].so a‘cloaed aystgm ﬁhat; circula.t;es hydro&en 1nsuead of G
2.5 The " hydrogen ig;8 better cooldnt: ‘than “air due to its ability 17+ t:;ana}?er n
:me e is.4 rigk of éxp losgion when hydrogen is mixed with air..'’'For that

reason, ’”the hydrdgen s&atem nyst be rtight; y ;8¢éaled -and-gas tight. ALY hydrogen - .

Bt be purged-¥rom‘the; statof: bef‘ore openy g up. the syatem for rapair. Purging

can:be »aqqomplished wi):h carfon diocxide‘ ¢ use:of .clean water. for: cool&ng thev v,

d; : ry 4 i;am:., pj.‘l"(ﬁélled .wm;e isﬁ'rec.ommended o R Yoo
4 Mg S W : L R
; Liquid i'f,éoo e(f aftérnators cin:cula;e;).iquid coolants t:hrough ’;\ollow conductors. LI
“Water: ig: t:he& fld.quid used A, tma type af c0p1:|.ng gystem. High purity water ‘is = 7

rélcommende;l becgu&f purq, water has mv.toh less electrical congl»ctzwity than murky
water,‘ " .\ 0 1‘4& s . . . - it

: The hazard of hydrogen hzm. been ‘disc‘:ussed. a The operm:or should always purge dux.
¢*F éﬂ; w;ltzh cax bion: dioxide before opemlng up t;,he generator ta{"atmoapheric_p '

/v LN

| hocte.;'lshould b_" -
1e jenge. si,ould be ‘clo

'-movés up and down t.he e




PR When working off’ equipment, trip the main breaker, lock it and tag it so '{';40
RO that others will not turn on the juice accident&lly. _ o y

. :f" 5,;§Cbeck all three phases of a three phase circuit- before starting to work
Lo ¢ 1 o § 0% Qne phaae’may give a,misleading reading because of its. grounding ) s
SR 524Whilo theiothers temain hot, . - ) i e R

n

iy w § -
ETEER 2 Check the grot ging on qll equipment whether portable hand toola or .

- V . major eq pme“t' . e -
R SR A .fﬁ B Af T 0 ey e e
X=’Protection ';;yaH{Jh o ”V RS T N et U O
:'v .. —'!—"—H"!—-"b""" ,.4 5 . .:4 ‘Y H . . ,: . . . . . A- ‘ i . -
. Generatore shoulq be protected by oircuit breakex equipment“ Circuit breakers .
‘,may be. ." ;. ’ . - ’ * = '-' ! ! E ..’«' ) : l\‘
' | . . 3 . ,Z . 8 .o . Lo o 'q e ' , .-\

. e * Air break .type that protect up to 575 vblts, . o -
‘.’ I 17 ! immersed ‘type. for voltages beyond' 575 \folts. s, T . .
*.Mr blast type —- for high voltagea. ..--“ . ; o -
.RLGenerator protection mustjconsider both.external and. internallfaulte. A ‘circuit
breaker . is needed to: protect the genérdator form problems in the transmission’
. system, _ This allows, the generator to revert to & ‘houge unit load until. th fﬁb .
< problem . 48 corrected.”’. Another external faplt obcurs back of.the generator. .
o «unit trip relay ia uaed to give probection’from tbis tYPe 6f fault. i

; 3‘ '. -,‘ .._.5 5‘;. " -l'.._ . o ”‘C ';)'.
DR e T S Phase to ground s
S o * -Phase to phase e v
BRI " ‘% Double phase: to ground - g
gSJIlfi -‘~;z * Three’ phase to grdunJ _ _ .
R Protection against internal £au1ta is” efforded tbton' Y .
o '*and “grounding ' through " a digtribution transformer iy

,;5}‘%; somewhet complex and should be completed by a qualified:

'Maint'-enance .

e , ﬂuﬂfﬂaTbe operator is reeponsible £or roubine ohacks oh the cgndinion of generator
R T ggigyent. Some thinge thet should be chécked regqlarly are* i N B zﬂﬁyn

_/ m.‘ R ...'_Iv :

s




e . * Check for hydrogen leaks with an approved hydrog?n tester.s S ST _
. - -#% Check for liquid leakage by use of liquid detectors: undarneathnthe generator.;_,'
- ‘* Remove. and check hydrogen codlers for water leaks, - -

" 9+ % TIngpect collector rings and brushes son field. exciters: ﬁorbwearaw

* . Preheating of field windings is required on somé’ generators;'fﬁ-'

- '* -Follow plant grocedures and/or manufacturers iquructions

DR of generators ; L . B

T

t

for mainQenance J"
4 ', 4

.
"
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* Read pages 1 - 22 in supplementary reference. A
IR % Complete job shegﬁi I o ’ ;l u

* Complete sélf—assessment and check answers.

e

* Complete post-assessment and have instructor check angpers. .
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T T T T RS TRUCTIONAL LEARNING SYSTEMS .

o N ] -

A

- . Job Sheet =

. . " OBSERVE GENERATION OPERATION -

- _ * Observe a trained operator in the operation of a generator.

. -/ ’
- Synchronizing
- Loading oo '
- Chegking cooling system
- uzfﬁcenance ro ! -
* Observe equipment useg,for t L -
- Protection 1 .
- - Cooling o K o

* . ';':1 “
v wyh ¢ ‘
H‘y %ﬁ ‘”'5 P
o o ".‘lyk‘ "g"y.
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Self o
Assessment'

 -' : v . | ' ‘_v' '\. . ) . N
Match thé_ following téi'ms and phrases., \ - o e,
. L Synchronization ' o N Shows' if alternator is out
. o o S of phase with system.
" 2. Alternator frequency - - B Uses” water aéa a ‘coolant meddum.
——— 3 @ . B . . " B Yo e i
. ..,)‘ B . . ‘ ] (“ ) . A‘.\

'3, Alternator voltage | _ - C. Cont:rolled by t:he prime -
. o — - mover. ~
- 4, Phase rotation meter *’ : D. Changed by adjusting the
: - ' ‘steam supply to the turbine.
5. Paralleling S - - E. Requires that each generator
.- - ' o : have termipal voltage equal
to the\».voltage of the system_.

. ‘ ' : . . B ' i P B
. 6. Loading ’ ’ ©. F. Types of circuit: protectiOn
‘ S device.
! 7. Enclosed air system o G, Protects against internal
ooy - ' faults in system. »

-

8. Carbon dioxide | S H. Can be changed by ruﬂning\ . . .
| : (- ~ machine to required voltage S
. ’ - I . and setting rheostat. oL )

9. " Air break . ' I. Used to purge hydrogen from a- :
. : o S 'cooling system. _ e

. 10, Relay scheme P 1 _Hooking several generators to
_ ' : ‘ S . a common ‘bus bar. - oo

. . . . . N
’ . . S . 3 "“/ . ‘. ' E . .
v T
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“Post
Assessment

’ .

,ﬂ

.

’

A

10, Jow is the 'povgep factor controlled inparalleling?
4

'
4

+

1. Liat 3 types of interngl electrical faults that can occur in a generator
system? ]
- - ‘ . . ‘
S ‘ - . . >
. 2, What kind of device-is, used to: protect the system faulting back of' the.
generator? \\ : _ .
il . . !’ ‘ N ' | . .
3. What nd of device is used to protect the syatem from faulting that &ccurs
 ‘in front of the generator ‘(transmission system)? ‘
\ . 4
. " 4. Ligt. 3 types g circwit breakers used in- protection of generatots?
A B _. '
5. What precaution ?s important in a hydrogen cooling of generato ?
. \ . -
/ . | : '\' ! y ..
! ~ ! I ' ‘ ' . h .
' 6. Why is distilled water recommended for liquid cooling of generators? .’
7. _ﬁist 3 types ‘of cooling systems. ,
’ C \
3 _ e A
8. When the %rime mov«qr powerjis increased do&s the alternator load increase
C ' or decrease?l , : L
. » '_..
. ,
9. How ¢an ve determine if an alternator is out of phase with a system?




~Instructor ..
Post Assessment

v Sy ———— (TP TR YU STV LTSI TS S o TS Wt § Ay i e A LA 8 5 S UL P PPt e

S ATV A AR s S Y S 5 VT 1 $AL Ao et M T o

* 1, PBhase to ground‘, phase to phase, dduble phase to ground, three phase’ to . )
ground ST - C .. o |
. 2. Trip relay .ot v S R :
/ ) \ . } ) | . .
. , Co ’ s . o - : ) ’ “
3. Circuit bredkers : . T, . .
. 4. Air break, 6ilnimmer5ed, air“‘b}-ast : L - .o
. r's y : ' ’ .,
~ ' . ’ \ ' . - i '
v 5. Pu;ge'hydrogenfw.ith carbon dioxide te avoid explosion / a
C t ) . ' . . ‘A .
/ - - \ B
. 6. Has lesh electrical conductivity ‘ R
\ ‘v . . . i’ ., . , .‘ ' . '. ) : )
i 7. Enclosed air, hydrogén‘, liquid = S
Y ,,Iz‘ ‘ “ . . . . . ' .‘ ’
8. .Increase ' . - : . . : N
3 . [y ) * > ~ ¢
_ 9. By use of a phasé rotation meter
: - . ,.
10, By trimming resistance in the .VOltage regulator . ’
1 . . - \-( .
. ’ . ¢ ‘
. T .
I ( t
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